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1. Introduction: Risk comes from French word rischiare meaning run into
danger i.e. chance or possibility of danger and of exposure to damage consequence.
So Risk has two parameters:

i. The Chance, Probability, Frequency or Likely hood of the occurrence of an
accident.
ii. The Damage consequences to life and property

HAMS-GPS short for “Hazard management Systems and General Programs
in Safety”, EHS-Software provides comprehensive Solutions in all areas of EHS
(Environment, Health and Safety). HAMS-GPS has 2-Sets of Software Modules
as under:

i Advanced EHS-Modules,
ii. Standard EHS-Modules.

1.1 Sources of Mathematical Models used in HAMS-GPS Software
Packages:

i "World Bank Technical Paper-55, Techniques for Assessing
Industrial Hazards"

il. "Chemical Process Quantitative Risk Analysis", American Institute
of Chemical Engineers, Centre for Chemical Process Safety.

iii. "Manual of Emergency Preparedness for Chemical Hazards",

MOEF.

iv. "Chemical Process Safety Fundamentals with Applications". By
Daniel A. Crowl & Joseph F. Louvar

V. "Process Safety Analysis-An introduction, by Bob Skeleton.

Vi. Major Industrial Hazards. By John Withers.

Vii. Process Safety Fundamentals. By Frank P. Lees.

viii.  Guide lines for Process Equipment Reliability data with data
Tables. By American institute of chemical engineers.

iX. Specific rules, regulations and guidelines on Seismic studies and
oil/gas exploration.

X. International Standards/codes of practices of on storage and

handling of relevant Petroleum Products and other bulk hazardous
chemicals involved that have potential for major hazard scenario
development.

Xi. Meteorological data for the specific site is obtained from Internet.



1.2 Comparison between Advanced and Standard Software Packages:
Advantage | Advantages of HAMS-GPS Software Standard HAMS-GPS Software
No. Package Package

1. Advanced Package is a single The standard package that has
module taking you from Input Data | several modules requiring Manual
to Final QRA-Results without any data transfer from one module to
data transfer! another.

2. Advanced Package is extremely The Standard Package requires
user friendly and does not need advanced knowledge of HSE and
advanced knowledge of QRA QRA.

3. The Advanced Package enables in The standard module requires
a single stretch of button clicks all | multiple manual data entry and
simulations from Chemical multiple simulations for each
Storages and Properties through module separately, resulting in lot of
Scenario Development, SMOD, Manual Unit conversion of Data from
Scenario Simulations for all types | one Simulation in to a different Unit
of Dispersions, Fires, Explosions for another Module and so on.
leading to Risk Assessment results
including FAR, FN-Relation, ISO-

Risk and ALARP in one go.

4. The Advanced Package Enables | The standard package does not have
scale plotting of all Graphic outll_guts this scale plotting facility. It gives
on Auto Cad Files, on Graphic Files | fixed scale graphs in vertical
and also on Blank sheets as per | position only, with no reference to
user defined scale and Wind | wind direction
orientation.

S. The Advanced Package under Risk | RBl-matrix is available in Standard
Assessment option includes built | package only as a separate module
in computation of Risk based | and has toi be run after manual data
Investigation (RBI) Matrix. entry by taking the data from other

simulations only.

6. The Advanced Package ALARP | The Standard ALARP Module gives a
diagram has Scale adjustment |fixed scale ALARP and closely
facility so you can see each |falling scenarios all get overlapped
scenario distinctl from other | making difficult to read.
closely positioned scenarios, a
facility unique for any ALAP
Software available.

7 The Advanced Package is specially | The Standard Package is specially
designed for Commercial EHS- | designed for EHS-Research work
management.

2. HAMS-GPS have also Advanced EHS-Training Modules in the

following Formats:

EHS-E-Reading Books available on our Website and Demo
Modules containing first 16-Slides ids free to down load. The Full

E-Reading is Licensed per Month,

EHS-Audiovisual Modules available on CD/DVD provide
comprehensive research based Training,
We also provide SKYPE based Internet EHS-Training on a wide

ranging Topics,




iv. We also Custom Build EHS-Training Modules in select languages
and on Topics Specific to your Industry.



3. Stepwise Details of HAMS-GPS Advanced EHS-Software Package:
Risk Assessment involves determination of the two Risk parameters namely:

i. Risk-Frequency of Occurrence,
ii. Damage Consequences to Life and Property.

Quantitative Risk Assessment (QRA) involves Quantification of these two Risk
parameters of Chance and Severity of damage consequence. In other words,
QRA is Pre-creating potential Maximum Credible Scenarios (MCLS) also
Called Maximum Credible Accident Scenario (MCAS) from a given facility.
“Maximum Credible” refers to the Worst Scenario from one facility failure
like main Pipeline, Storage, Reactor etc.

4. Installation of HAMS-GPS Software: Both Advanced and
Standard Modules are Run from a Single Main Menu Drive and
therefore installation Is common for both standard Package and
Advanced Package. (See HAMS-GPS EHS-Software installation
procedure). On successful installation The Red “HAMS-GPS EHS-
Software” Icon as shown appears on the Desk Top:

Note: Tool Tips are available for many Dialog items and try to hold curser
on the Icon at right and see ToolTip popping. There are several ToolTips on
Buttons, Text Boxes, List Boxes etc. Always try to hold Curser at places for
ToolTip help.

Main Menu: Both Software Packages are Run from the same Main Menu. To
open the Main Menu, Click on this HAMS-GPS Icon. You will find a Welcome
display follow by the Main Menu Drive as under:



HAMS.H.GARS (Registe red]

Safety Audit Modules
Risk Assessment Options
Some more EHS studies

Advanced QRA Module
Manage your files /Back-up database files

Scenario developer
In Un-clicked position Shows all Modules

When Clicked, shows only Licensed
Modules.

Pinup/Pin down Main menu on Clicking.

Unit Converter

Fig-1: HAMS-GPS Main Menu Drive with curser pointing to [Risk
Assessment Studies] option (Curser Position on each option changes its
colour from Green to Yellow. Arrows against Text in white Text Box show

various options available.

The Main menu drive contains several List Box buttons that open in to list of
options available in each button. These and other options available are depicted
in the above diagram of Main menu drive with bolder fonts and arrow marks for
easy understanding. You can click on each option List Box button and see the
dropdown list showing options [} available in each List Box. Each
time you click an option button, the list opens and below appears a
[Home] button which when clicked, the opened List box closes and
full Main menu drive displayed again as Home state of Main menu drive.

5. Repair HAMS-GPS Module:

Note: In case Main Menu does not open, it may be Blocked for some
reason. Nothing to Worry! In that case, you need to Repair the Software by
opening Start Button->Click on All Programs->Open directory on [Hams-
Gps Safety Software]-> You will find [Hamsrepair] icon. Double click you
will get Repair dialog as shown below. Click on the [Please click to repair
HAMS-GPS Module] button. The Module gets repaired and the Main menu
gats opened!

HAMSAGARS : Repair HAMS-GPS Module |X|

| Please click ta repair HAMS-GPS Madule |







6. Creating data base of chemicals for physical, chemical properties
and storage conditions:

Before you start Risk Assessment study, you need your storage conditions and
their chemical and physical and toxicity, flammability properties stored in the
database and develop scenarios for Risk Assessment.

For this purpose you click on the Scenario developer List Box button and you will
find the following view of Database management and Scenario developer:

|1.2-Butadiens mgm Wt L{g‘h :
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R ) EEL LEL IDLH  Twa TEELO TEEL1 TEELZ! TEEL3
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Backward ~_[™~_[FF I\Chemic:al name combo box
buttons. \ ; 5 A Flammable or Mon-Flammable Combo
Addnew | === : (Il Physical state of chemical selection Combo
chemical Twpe of Tank storage for chemical
D;ta for —— A If tank storage is it having Dylke zelection Cotmbo
Mixture of Is the storage tank abowe greund, UG, OH, Mounded
Chernicals . i : e E MM Storage temperature below or above &Atm. B Pt
Home — | Flash Pt and B. Pt. lewvels T

Fig-2: Scenario developer and Chemical Database Management view.

Tool Tips are available for all controls, which are visible on holding the curser on
the required control.

Carefully study these options.
6.1 Large Number of Chemical data is Preset:

If you open first combo on Chemical Name, you will find series of chemicals. You
can type first alphabet of the chemical you want, the combo list position moves to
chemicals beginning with that alphabet. This helps in rapid selection and also to
check whether your chemical is available.

Open each List box one by one and see the options for selection in each List
Box. All common Chemical and Physical data are entered and checked by the
user. You need to enter only Specific Data on Storage of Chemical like Dyke
Dimensions etc. and you can run the Module.



7. Adding New Chemical: To add a new chemical click on the [Add] button
when a blank form appears as below:

HAMSAGARS
Enm;.;_éns : EH5 Soft®are) <
s k. g L <

PR e R it v e i v s TR

=

Fig-3: Menu for adding a new chemical.

Click on the first Combo box and write the Name of new chemical you wish to
add to the Chemical database with a suffix if same chemical already exists. Then
open each combo one by one from top to bottom and select property as
appropriate for your new chemical stored at your unit.

After finishing all the combo boxes, go to property text boxes on the RHS of the
Combo Boxes and fill up each property for your new chemical. Note there are 3-
Rows of Text Boxes for your chemical data entry. The first 2-Rows are in white
colour and require only standard data on Physical and Chemical properties of
your chemical. The 3 Row of Text Boxes in Green Colour, require specific data
on Storage of the Chemical. These may be entered keeping note of the Units
mentioned for each data.

Here Note: TEEL means Temporary Emergency Exposure Limits in ppm.
You will find these for your chemical from web site. TEELO is Safe level, TEEL1
is mild action, TEEL2 is no irreversible effect and TEEL3 is life threatening
and irreversible health effect.

Appendix-1 gives TEEL Values of some common chemicals.



7.1 Data Entry for Mixtures of Chemicals: Many times you have Mixtures of
Chemicals and data for these are not available. There is a [Mixture] Button right
of [Develop Scenario] Button. Click this and you get a Dialog Box as under:

HAMSAGARS
_ HAMS-GPS.: EHS Sa_fjﬁam'
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Fig.-3.1: Generating Chemi8cal data for Mixtures of Chemicals.

This Dialog Box allows for up to a Maximum of 6-Chemicals in a Mixture. You
have to Open the Combo Box on RH-Top Corner where you will fine several
Chemicals and Select the First Chemical if available in the List and Chemical
Name and or for Chemicals not available in the Combo Box, manually Enter
Chemical Name and %-Volume in the Mixture and Mol. Wt. Repeat for all the
chemicals in the Mixture and the total % by Volume must be exactly 100. Then
click [Compute] Button and you get all the required Chemical Data. Then Press
[Insert] Button which gets activated and the data for the Mixture gets entered in
the corresponding Edit Boxes of Chemical Data.

The Blue Text boxes are specific Storage conditions for a specific storage for
your QRA study.

If you select an existing chemical from data base, then you will have to enter the
Blue Text boxes for specific storage conditions which are not put for most
chemicals as these differ from case to case.
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8. Edit Existing Chemical Data: To Edit any existing Chemical data, Click
on [Edit] Button when all Name and next 2-Combo Box Data remains and the
rest become Blank. To start Editing, you must reselect Chemical Name from
the first top Combo Box. Then only the Editing process can start. Then
open other Combo Boxes and select appropriate item from each Combo Box.

9. Creating Scenarios:

Once you have selected a chemical or created data for a new chemical then you
click on the [Scenario Developer] button when the scenarios you need to
simulate for your QRA study get displayed in the Yellow box as shown below:

HAMSAGA.RS

e I

| > | Delete Edit | Add | 1. Catastrophic failure of Tank-Fixed roof/Mo roof forming deke pool [use pool area —
s iy =il 2. Guillating failure of main T ank-Fixed roofMo roof piping 1-m fram main pump disc

i 1 free zpread pool far B-min [far manual izolation) or less [for instrumented izolation)
[uge SMOD-3 and SKMOD-10 for free spread)

Print e N | ins wi i icablz M

preview o | l_h ' ' . i | ]

F i
TRV PH LIRS

Fig-4: Scenarios for QRA study for your selected Chemical.
To see the Print Preview click on the [Print Preview] button when the Scenarios
may be seen in full page and also get printed as shown below:
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9.1 Displaying Scenarios Developed:

| HAMS-GPS : Scenario Developer
Licensed to : HAMSAGARS
Date : Sunday, August 22, 2010
Data entered
Mame of Chemical : 1,2-Butadiens

M ature of Chemical ; Flammable Lacation of equipment ; Above ground

Phuzical state of Chemical © Liquid YWorking prezsure - Atmosphenc

E quipment handling chemical ; Tank-Fized roof/Ma roof Warking temperature : Below Atrmosphernic B.PL

Dyke option : With dvke Bailing point ahd Flash paint : F.Pt > B0 C and B.PE > =30 C

Primary Scenarios:

1. Catastrophic failure of Tank-Fixed roof/Mo roof farming dyke pool (use pool area module)

2. Guillotine failure of main Tank-Fixed roofMao roof piping 1-m from main purmp discharge forming
free spread pool for S-min (for manual isolation) or less (for instrumented isolation)
(use SMOD-3 and SMOD-10 for free spread)

Secondary Scenarios with consequent damage to life and property as applicable:

. Tank-Fixed rooffMo roof dyke Pool evaparation dispersion under D&F stability (Smod-7 and dispersion modules)
. Main Pipe leak free spread Pool evaporation dispersion under D&F stability (Smod-7 and Dispersion modules)
. Tank-Fized roofMo roof dyke pool fire (Fire module)
. Main Pipe leak free spread Foal fire (Fire module)
. Main Pipe leak Jet fire (Fire module)
. Tank-Fized rooffMo roof catastrophic failure liquid dyke Pool evaporation delayed edge ignition
leading to Flashfire scenario (Use Explosion module)
7. Tank-Fixed rooffNo roof catastrophic failure liguid dyke Pool evaparation delayed internal ignition
leading to Explosion scenario (Use Explosion module)
8. Tank-Fixed rooffNo roof engulfed by fire resulting in overpressurization and tanker bursting causing BLEVE

O M b= L) B —

Frequency of Primary Scenarios:

1. Faor Scenario-1 on Tank-Fixed roof/fo roof rupture use Frequency-Magnitude module
2. For Scenatio-2 use Pipeline failure frequency module

Frequency of Secondary Scenarios:

1. For Scenario-1 use frequency of Tank-Fixed roofMo roof rupture as done above
2. For Scenario-2 Pipeline failure fregquency
3. For Scenario-3, 4 and 5 use Event Tree using Pipeline failure frequency

and chances of ignition

Mote: Above scenarios for 100% failure provide only MCLS/MCAS for QORA study.
However As per "World Bank techincal paper - 55" Credible scenarios also require 20% failure for Hazard study.

[S

To close the Scenario developer, Clock on [Home] | 13[‘ icon.

WL | TR
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10. Opening Advanced QRA Module:

After returning to Main Menu by Clicking on [Home] icon, 4
[Risk Assessment Studies] List Box button to open

Click on the
options there

under as shown below. Note: More options for Risk Assessment are available on
the next Option Button titled [Other interrelated Study]:

HAMSAGARS

" HAMS-GPS.: EHS SoftWare)
et TR T, TR

Risk Assessment Studies

Absolute Fatality/Anjury Module |
Advanced QRA Module |
ASCLAP Module |
Dispersion with PROBITS Modul |
DOW-Index Module |
Explozion Module |
Fire Load Module

Fire: Module

HAZOP Study Module
Lirnits curve Module
PROBITs

Risk Azsessment Module
Source Module

Fig-5: HAMS-GPS Mai

open.

To go back to main menu simply click on the [Home]

Menu Drive with [Risk Assessment Studies] option

To start QRA-Study, click on [Advanced QRA-Module] option from list box of
[Risk Assessment Studies], when the following “Select Organization” Dialog

appears:

HAMSAGARS: Select Organization

Mame of

or 3 [
Organizatian:

Test

Delete | New I:Irgn.l Open I]FE.-'i‘-.l Emit |

You can either select an
existing organization or
create a new
organization. For first time
use, a MyCo and Test
Organizations are
provided.

To create a new
organization click on

[New Orgn.] button or

press [Alt][N] and Enter name of Fig-6: Select Organization Dialog box

Organization under text box “Name of Organization” then Click in the
Organization List box blank area. (This is very Important to complete creation

of new organization. By mistake do not click again _on [Add New

Organization] button. If you do so there will be problem and you will have

to exit.)

The name of new organization disappears from

“Name of
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Organization” text box and appears in the name of “Organization List box”.
Now you should select the organization from List box and the name of
Organization selected appears in the “Name of Organization” text box.

Select MyCo and the MyCo appears in the “Name of Organization” Text box.
Then click on [Open QRA] Button or click [AIt][O] when the following
“Quantitative Risk Assessment” dialog box appears as shown below:

[ - =
= x|
Mame of Organization: |MyCo Add Hew/Delete/S elect Organization |
Reference Mo.: | Add Reference Mo, Delete Reference |

; X [uantity Stored . .
Select Reference Mo Chemical name:  Get Chemical Data | Update | Kal Select Scenario Options
| | 1 Dispersion
LPG . . . 2. Fire
LPG test Radius -Tark(m] Downwind  Cross wind Height of 3. Explosion
Salid Chermn 1 el R b dyke wall [m] | 4 Rizk Aszzessment
Tank 2 J | | i:llmensmn [mn] ||:Iimensi0n [mn] |
Test
Test1a j

v Tank with Solid Foundation v “ertical Tank

Storage and Chemical properties selected:

CHEMICAL MAKME - LMG

1. Mature of chermical :- Flarnmable

2. Phuyszical State of chemical - Compressed liquefied gas

3. Equiprnent handling of chemical .- Bullet

4. Dyke option :- “with duke

5. Location of equiprment ;- Above ground

B, Working pressure :- Above Atmozspheric

7. W orking temperature ;- Above Atmospheric B.PL

2. Flazh point and boilling point ;- F.Pi<=E0C andB.Pt<90C

9. Molecular weight - 16.04

10, Yapour Density vk A [B=1] - 0.55

11. Heat of vaporization [Calz/g] - 121.87

12. Density at STPR [Kg/m3] :- 422 62

13. Heat of Combustion [Mifkg) :- B0.1E [Far calculating THT Equivalent.]

14. Specific heat [cal/g. deq.C) : - 0.409

15, Saturated Wapour Pressure [dvnesfocmz] :- 291797000
Rate of releaze [KarsSec)

Spread R adius [m) ‘ Exit

Fig-7: Risk Assessment Simulation dialog with Reference NLG Tank added.

You will find few Chemicals already added in the “Select Reference No.:” box.
You can just click on any of these chemicals and the chemical name appears in
the Reference No. Text Box along with all data from the Chemical Database of
[Scenario Developer] option on the Main Menu.

11. Adding new Chemical to the “Select Reference No.:” box: Click [Add
Reference No.] button when focus moves to “Reference No” Text box. Type
Reference No. in the Reference No. Text Box. The Reference No. should be
normally the name of the Chemical for QRA study. If there are different capacity



14

storage facilities, Chemical name may be suffixed by a word to identify the
storage of the Chemical. So you can have as many References for one chemical
for the QRA-Project. After Entering the Chemical name with identifying suffix,
click inside the “Select Reference No.” Box (IMP: Click in empty space of the
Box and not on any listed Item).

12. Getting Chemical Data: To get storage data of the Chemical in the Text
Boxes, click on [Get Chemical data] button. “Select Chemical” Dialog Box
appears with “Select Chemical Name” Combo Box as shown below:

p—

Select Chemical Name: |

Quantity of Chemical Down wind

stored [Kg] Radius

) Dyke
Tank[m] Pipelmm] dimenzion (m)

= |

Cross wind
Dyke i
dimension [m) "4 [m

Height of dyke

-

| o of 0] 0|

Edlt Evisting data |

o i

Get data | | ok |

Fig-8: Select Chemical dialog box.

Select your Chemical from the Combo Box (Type first Alphabet of your Chemical
to go to the Chemicals starting with the Alphabet) and then search further by
curser down operation, your Chemical and Click. The Chemical Storage data
appears in the Text Boxes below. Click on [Insert Data] button and the data for
the selected chemical gets inserted in the QRA Dialog Box. Then Click [Exit]
button on the “Select Chemical” Dialog Box to close this Dialog Box.

There can be number of references in the “Select Reference No.” List box as you
go on creating Reference No. of new QRA Projects.

There are hundreds of Chemical data some with storage conditions. For any new
chemical or Mixtures of chemicals, not in the database, you have to go to Main
Menu and add new chemical and its properties and storage conditions as
described earlier above. To go back to “Select Organization” dialog box, click on
[Add new/Delete/Select Organization] button on Top of “Risk Assessment
Simulation” Dialog.

Here LNG is selected as an example that has data regarding storage, from
“Select Chemical Name” Combo box. After selecting, click [Get data] button.
Or click [AIt][G]. The following data gets displayed in the [Select chemical] dialog
box as shown under. If the Program is already run once you will get the Chemical
name and Storage data at once on clicking the Chemical in the “Select
Reference No.:” box as shown in the following dialog box:
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= ' x|

Mame of Drganization: [MyCo Add Mew/Delete/Select Organization |
Reference Mo.: | Add Reference Mo. Delete Reference |
: : Quantity Stored : ;
Select Reference Mo, Chemical name:  Get Chemical Data | Update | (gl Select Scenario Options
| | 1 Dispersion
LPG - - ) 2. Fire
Fadiuz -Tank[m] Down wind Crazs wind - :
gzﬁdtglitem 1 FsaldA il B Dyke g}?klgh:»'gh [rn] i ET:I:IDEg;ssment
Tark 2 J dirnension [m]  dimension [m)
Test1 | | | | |
Test1a ¥

v Tank with Salid Foundation I “ertical Tank

Primary Scenarios:

1. Catastrophic failure of Bullet-Giving rise to secondary scenarios
2. Guillating rupture of Main Gas pipe of Storage Bullet- Giving plume az secondary scenario
3. Guillotine failure of main iquid pipe of the Bullet-Giving rize to secondany zcenarios

Secondam Scenarioz with conzequent damage to life and property as applicable:

1. Flazh Waporization of Comprezzed Liquefied Gaz Tank [CLG] farming Gaz Puff [SMOD-bE Puff Disperzion DLF)

2. CLG Bullet Bupture maximum Poal one min, rapid evaporation [SMOD-e67 Pool Disperzion D&F]

3. CLG Main Liquid Pipe Rupture S-min. fazh puff [SMOD-36 Puff Dispersion D&F)

4. CLG Liquid Pipe leak One Min. Fapid Waporization of Cryogenic Liguid Poal [SMOD-37 Poal dispersion DEF)

8. CLG Liguid Pipe leak slow and steady Waporization of Cryogenic Liquid Poal [StO0D-37 Pool disperzion DEF)

8. CLG Bullet Bupture slow and steady Pool evaporation dispersion under D&F stability [SMOD-eE7 and dizpersion modules]

9. CLG Gas Pipe Rupture Plume dispersion under stability DEF [SMOD-8 Plume Dispersion module]

10. Flash 'V aponzation of externally heated Compressed Liquefied Gas Tank [CLG] forming Gas Puff [SMOD-cE Puff Disperzion D&F)

£ *

Fate of releaze K.g/Sec)
Spread Fadius [m) Exxit

Fig-: 8A: Select Chemical Dialog box with chemical selected.

13. Source Modeling for Dispersion Simulation: Now click: “Dispersion”
under “Select Scenario Options” Box. The Primary and Secondary scenarios
for Dispersion get displayed. By Clicking other Scenario Options, the Primary and
Secondary Scenarios for these get displayed. Note: The Primary Scenarios are
only for Information and should not be clicked. Study the different Secondary
Scenarios and Select any one Scenario for Source Modeling (SMOD).
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13.1 Selecting Secondary Scenarios and start Do SMOD for Dispersion:
s | x|

I ame of Organization: |H5|En Add Mew/Delete/Select Organization |

Feference Mo.: | &dd Reference Mo, Delete Reference |

; ; Quantity Stored
Select Reference Mo Chermical name:  Get Chemical Data | Update | Kal i £ 2 leel Seenario Brliats

| | 1 Dizpersion
LPG . - - 2 Fire
LFG test H.adll.,m -Tank[m] Downwind  Cross wind Height of 3 Explosion
Solid Cher 1 Rl Dyke dkewall(m] |4 Risk & t
Tark 2 dimension [m]  dimenszion [m) 13K ASBEEEMEHY
Test1 | | | | |
Testla B

v Tank with Salid Foundation v ‘ertical Tank

Frimary Scenarios:

1. Catastrophic Faillure of Bullet-Giving rise to secondary scenarios
2. Guilloting rupture of Main G as pipe of Storage Bullet- Giving plume az secondary scenarno
3. Guillotine failure of main liguid pipe of the Bullet-Giving rise to secondary scenarios

Secondary Scenarios with consequent damage to life and property as applicable:

1. Flazsh Y aporization of Compressed Liquefied Gaz Tank [CLG] forming Gas Pulf [SMOD-bE Puff Dispersion DEF)

2. CLG Bullet Rupture masimum Fool one min. rapid evaporation [SMOD-e67 Pool Disperzion DEF)

3. CLG Main Liquid Fipe Rupture 5-min. flash puff [SMOD-36 Puff Dispersion D&F)

4. CLG Liguid Pipe leak One Min. Rapid % aponzation of Creogenic Liquid Pool (SMOD-37 Pool dispersion D&F)

5. CLG Liguid Pipe leak slow and steady Waponzation of Cryogenic Liquid Pool [SMOD-37 Pool dispersion DEF)

8. CLG Bullet Rupture slow and steady Pool evaporation dizpersion under DEF stability (SMOD-e67 and dizpersion modules]

3. CLG Gasz Pipe Rupture Plume disperzion under stability DEF [SMOD-8 Plume Disperzion module]

10. Flash Waponzation of externally heated Compressed Liquefied Gas T ank [CLGE] forming Gas Puff [SMOD-cE Puff Dispersion DEF)

< >
Rate of releaze [Fg/Sec) Do SHI]_D o _Dispersinn =
Spread R adiuz [m) simulationsz. Exit

Fig-: 8B: On selecting Secondary scenario, the [Do SMOD] for Dispersion ]
simulation] button gets enabled.

SMOD is quantification of Primary scenario. Now select the first secondary
scenario for Flash Vaporization of LNG forming Gas Cloud for Puff dispersion.
You will find the [Do SMOD for dispersion simulation] button at the LHS
bottom gets enabled. Click this button. “Some more Data Required” Dialog
opens.
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13.2 Selecting Some more Data required:

S - 0

=
Purp Dizcharge Pressure [kadem?]
E quirvalent Pipe Length [m] | | J
Liquid Yizcosity [kgdm.zec.]
Some Chemical Data ||__N_|3 ﬂ T ank Hight/Length [m]
Preszure inzide the process unit [Fa]  |523432.94 Tank Diameter (m]
Specific heat of the liquid [cal/g. Tank Type
e 0.409
Final temperature of CLG Aworking AE12 Compute
Gas Temp. for CG [deqg. C) : Q

Fig-9: “Some more data required” dialog box.

In this Dialog Box, there is “Some Chemical Data” Combo Box select LNG.
Other required data is already taken by the software. If the required Chemical is
not in the “Some Chemical Data” Combo Box, you will have to manually enter
all the required data of the Chemical that is neither displayed nor can be found in
the “Some Chemical Data” Combo Box. Click [Compute] Button on the “Some
more data required” Dialog Box. The dialog Closes. Now the [Do SMOD for
Dispersion simulation] Button has changed to [Start Dispersion simulations /
Redo SMOD] button and Click on this renamed Button.
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13.3 SMOD Results:

E
3 E"‘a A Click on

| this will take

o you back to
ae B dcRlEsl o |M-|"C° Add Mew/Delete/S elect Organization Organization

Reference No.: | Add Reference Mo, | Delete Reference Dialog Box.

. 7 Cuantity Store . .
Select Reference Mo Chemical name:  Get Chemical Data | Update | kel i Nnariu Options d:;zi;thls to

| | 1. Dispersi selected
tEg test Radius -Tank(m) Downwind  Cross wind Height of % E:;Iosinn Reference
2dlid Cher 1 Eineihiok i D_yke i D-'l'lke . dyke wall [m] | 4 Rizk Azzezsment
Tark 2 J dimension [m] - dimenision [m] ' lick to add
Test 1 | | | | | anew
Test1a il Reference

W Tank with Salid Foundation v “ertical Tank

Primary S cenarios:

1. Catastrophic failure of Bullet-Giving rize to secondary scenarios
2. Guillotine rupture of Main Gas pipe of Storage Bullet- Giving plume az secondary scenario
3. Guillotine failure of main iquid pipe of the Bullet-Giving rize to secondan zcenarios

Secandam Scenarios with conzequent damage ta life and property as applicable:

1. Flazh W aporization of Compressed Liquefied Gaz Tank [CLG] farming Gaz Pulf [SMOD-BE Puff Disperzion D&F]

2. CLG Bullet Bupture masimum Poal one min, rapid evaporation [(SMOD-eE7 Pool Disperzion DEF]

3. CLG Main Liquid Pipe Fupture S-min. lazh puff [SMOD-36 Pulf Dispersion D&F)

4. CLG Liquid Pipe leak One Min. Rapid Waporization of Crpogenic Liquid Pool [SMOD-37 Pool dispersion DEF)

5. CLG Liquid Pipe leak slow and steady Waporization of Cryogenic Liquid Poal [SHOD-37 Poal disperzion DEF)

8. CLG Bullet Bupture slow and steady Pool evaporation disperzion under D&EF stability [SMOD-eB7 and dizpersion modules]

9. CLG Gas Pipe Rupture Plume dizpersion under stability DEF [SMOD-3 Plume Disperzsion module]

10. Flagh Vaporization of externally heated Compressed Liquefied Gaz Tank [CLG] forming Gas Puff [SMOD-cE Puff Dizperzion DEF]

£ ¥

Total Qg Floshed el Start Digpersion simulations Eii
Pool R adius [m] {/ Redo SMOD? Exit

Fig-10: SMOD Performed and the button below now displays [Start
Dispersion simulations / Redo SMOD]

As shown in Fig. above, SMOD has been Performed and the button below now
displays [Start Dispersion simulation / Redo SMOD]. You can Redo SMOD if
need be by clicking [No] button. The SMOD results are displayed showing Total
quantity flashed in Kg.
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13.4 Start Dispersion or Redo SMOD?

| ? ,.' Wish to start Dispersion simulations? [Yes] | Redo SMODY [Mo)

Yes Mo ‘

Fig-11: Dispersion / Redo SMOD Yes/NO di‘alog.

14. Dispersion Simulation: To start Dispersion click [YES] else to Redo
SMOD click [NO]. Now Click [YES] button and the dispersion dialog opens:

Mame of Drganization; |M_p[;g 10, Flazh W aporization of externally heated Compressed Liquefied Gaz Tank a
2. CLG Bullet Rupture maximum Pool one min. rapid evaporation under Stak—
Reference Mo.: [LNG 2 CLG Bullet Rupture masimum Pool one min. rapid evaporation [SMOD-e6

4. CLG Liguid Fipe leak One Min. Rapid Y aporization of Creogenic Liquid P

Mame of Chermical: ]LNE

Edit: 4. CLG Liguid Pipe leak One Min. Rapid VW aporization of Crpogenic Liquid P
1. Scenario Text SceFErio: |1. Flash Vaporization of Compressed Liquefied Gas Tark (CLG) forming Gas Puff (SMOD-pE  ind velosity = Modified wind velocity
selected [mds) mds

2. Ht. Simulation Height of releaze M. 11 Height of simulation [m]: |1 Atrmozphenc stability clags.: 1[) .] Tenain: |Ral =

Max Distance for

Plosion mass [lbm]: [0 simulation [m]

3. Stability class —

T

: = e . ; : Lirnit : 50000 m
b aimum |sop : ,— MOTE:Height of release = Height of simulation
concentratio &+ Conc. Distance (m] 1 for maximum explozion mass. 11 ooon
4. Terrain — | - i
. : ¢ . t L
All as appropriate Concentration  &et E?nce?tratlon Joee e |zopleth [4- &wiz) [m]-----— | lzopleth [v'- Ausis) |SIES??DBI.“DSDU?§E lzopleth angle  |zopleth Area
[pPm]: FRmE Begin paint End point  lsopleth length [m] [m] [deg) [Ha

Click [Redo] to —]
Enable [Get C@< UEL: 150000 4P/
(ppm)] button and ;

click it to get Conc.
Values.

TEEL2 /3000
TEELT:  |[2000 0
TEELC: |500 ah|
Probit Equations : W se software default

Fateity Probit () [70 +1nCone 12 Time]
Time faor ztabilization

| o |
| f |
O P
| [ F
| [ |

g
|
I:.
i,':
[
1

Then Click

Reports
[Compute Conc.]

| [~

Fedo LCompute rmaximum concentration

Injury Probit [u] 5 +(Lr(Cane " 1< =Time] | cancentration zones of

dizpersion [Secs] ]“

Enter percent (%) wind prevalence in 8 orientations |
Exit
[E>M][Bw > MNE][W=>E|[NwW->SE] [MN=>5] [ME-» 5W][E->W]|[SE->Nw] [ Cam | =1

| 90 | = | o | 0 | 0 | 5 | 2 | o

Fig-12: The Dispersion dialog box.
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14.1

Understanding the Complex Dispersion Dialog Box:

Following Data are available on this Dialog Box:

Scenario: Most Important, First you have to Edit the Scenario
appropriately. For example the default description says D&F stability
class. You need one stability class at a time. There is “D” in the
Atmospheric Stability class Combo Box as Default Stability Class. You
may choose any required stability class from this Comnbo box and then
Edit the Scenario showing your chosen stability class. Normally you need
D first and then F as the two Atmospheric stability classes for dispersion in
QRA study as D is the Most Dominant and F is longest Effect Stability
Class. So choose first D stability and the rerun with F stability class later.
The Scenario Edit Box is followed by the following:

a. Wind Velocity Selected (Default for Stability Class Selected at the

Standard Height of Wind Measure of 10 m from Ground Level)),
b. Modified Wind Velocity at Height of Simulation,

Below Scenario Edit Box, you find the following Edit Boxes:
a. Height of Release-Default is 1 m,
b. Height of Simulation Default is 1 m,
c. Atmospheric Stabilityy Class-Range Coambo Box: A, AB, B, BC, C,
CD, D, DE, E, EF, F.
d. Terrain-default Rural.
Below above series of Edit/Combo Boxes you find the Following:
a. MGC- i.e. Maximum Groundlevel Concentratyion,
b. MGC-Diatance from Source in m,
c. Explosion Mass in Lbm. (This is computed if the Gas is
Flammable).

Next Edit Boxes are as under:

a. Maximum Isopleth Concentration at Height of Simulation,

b. Maximum Isopleth Concentration Distance in m,

c. Maximum Distance for Simulation-maximum Limit is 50,000 m and
is Re-alerted after every 10,000 m for continuation of
Computations.

Above is followed by the following Columns:

a. Concentration in ppm: Here you find-UEL, LEL, TEEL3/IDLH,
TEEL2, TEEL1, TEELO. Note: These are Editable-Click on these
one by one and Change as needed. For example, for Non-
Flammable, you do not need UEL and LEL so you can change
these to any other Concentration name.

b. Next Column of Data is on “Get Concentration in ppm”. This Button
gets activated by Pressing [Redo] Button and gets Data from
Preset Values for the Chemical selected. If maximum
Concentration is Less than the maximum Concentration, then you
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have to Change the Title of the Concentration in ppm Button text as
required.

c. Coloured ovals from Reds to Greens showing levels of Hazards for
each Concentration,

d. Begin Point, End Point, Isop. Length (X-Axis), Isop Length (Y-Axis),
Distance of Max. Isop. From Source in m, Isop Angle suspended
from Source Point in Deg., Isop. Area in Ha.

vi. The above is followed by the following:

a. PROBIT Equations:

b. [Redo] Button,

c. [Compute Concentration] Button,

d. Reports-Combo Box,

vii. The above are followed by the following:

a. Time for Stabilization of Concentration Zones of Dispersion.
Dispersion to stabilize to a fixed Isopleth Zones takes some time
and this is computed and is unique in Dispersion Modeling,

b. Final Set of Edit Boxes relates to % Wind Prevalence in 8-
Orientations and this information is used in computing the Profile
Graphs Contours of Dispersion.

14.2 Getting Isopleth Concentrations and Editing Isopleth Labels: You
have to click [Redo] Button above the Concentration text boxes. These Preset
Concentrations in ppm get displayed from Database of Scenario Developer
option of Main Menu.

Then Maximum Concentration is to be computed. For this click [Compute
maximum concentration] button. The maximum concentration gets computed
and the button just clicked becomes [Compute at given concentration]. The
Software computes the Maximum Isopleth Concentration (ppm) and displays in
the relevant Text Box. There are other computations also that get displayed.
Note these.

Here you have to see and compare the values of Maximum concentration
Isopleth (ppm) and the concentration values for UEL, LEL, TEEL3/IDLH etc. The
UEL value has to be less than the maximum concentration. This is so here.
Otherwise you will have to edit and change the default concentrations given by
the computer from data base to ensure that first the UEL concentration is
reduced below maximum concentration and title UEL can be changed to Conc-1
or some other title as felt appropriate. This can be done by click on the [UEL]
press button and a new Text box with “Conc. 0” text appears.

Concentration Get Concentration
(ppra]: [mmrn -
Conc.

LEL =y a8
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You can either retain this text or edit this text as you like. Then click on the [UEL]
press button and the “UEL” changes to [Conc. 0] or what ever you text you
added. Similarly all other concentrations and their titles may be changed as
suitable.
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14.3 Computing Maximum Concentration: Then click the Button [Compute
at given concentration].

| Mame of Organizatior; |p.|_.'.[:o 10, Flash Vaporization of externally heated Compressed Liguefied Gasz Tank &
] 2. CLG Bullet Rupture maxirmurn Poal ane min. rapid evaporation under Stak
| Feference No.: [LHG 2. CLG Bullet Rupture masimum Pool one min. rapid evaporation (SMOD-e6

4 CLG Liquid Pipe lzak One Min. Rapid Yaporization of Crpogenic Liquid P

| Name of Chemicak |LNE 4. CLG Liguid Pipe leak One Min, Rapid Yaporization of Cropogenic Liguid P

| Scenanio: |1. Flazh ¥ aporization of Compressed Liquefied Gas Tank [CLG) forming G az Puff [SMOD-bE "ind velocity Modified wind velocity -
| selected [mds] 380 mds

Height of releaze [m]: Height of simulation [m): Atmozphernic stability class Termrain :
hax. Digtance for
MGC [ppm] MIGC Distance [m] E=plosion mass (b} simulation [m]

Lirnit ;50000 m

Marimum [zop ; li MOTE:Height of release = Height of simulation
concentration (ppm) Mas. Cone. Distance (m) for maximum explozion mags. 10000

i : Dist f bl .

Concentration R |sopleth [4- Anig] ] | lzopleth [v- Axiz) |SIES?,C;“DSDU‘?§B lsopleth angle  |sopleth Area
[pprn]: Beginpoint  Endpaint  |sopleth length rn] [l [deq.) [Hal
| @ |
Lex |l L J |

TEELIADLH: || Y |

TEELZ || |
TEELT: || &
TEELD: || |

Probit Equations : [
Fatality Probit (] +1[Ln[Conc i # Time)
Tirne for stabilization

Injury Prabit [y] +1[Ln[Canc ; = Time) concentration zones of

dispersion [Mins] 18.42

Enter percent (%) wind prevalence in 8 onentations
Exit
[5-=MN]|[Sw=>NE][W-E|[Nw>SE] [N->5] [ME->SW][E=>w][SE->Nw] [ Cam | =

|4u|25 |u |u |u |15|2D |u

Reports
LCompute at given concentration |

Fig-13: Dispersion computed and results displayed.
14.3.1 Re-Running/Editing an Already Run Dispersion:

Once you have done Dispersion and other simulations, to be discussed
hereunder, for a particular chemical and a particular scenario, you can
Rerun/Edit dispersion and other simulations quickly, without going through all the
steps, as per procedure given below:

First you do the following 3-Normal Steps you do for first Run:

Step-1: Select Reference No. in the QRA-Dialog Box.

Step-2: Select Dispersion (or other simulations) in the Scenario Options List Box,
Step-3: Select Secondary Scenario already done through SMOD and other
normal steps,
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These are the normal steps you do for Dispersion and other Simulations for first
Run. Once these three normal steps are done, you can go straight to
Rerunning/Editing Dispersion or other simulations as under:

Step-4: Double click Dispersion or other simulation already done. You will get a
Message Box asking “Wish to Run/Edit existing simulation?” Click [Yes]
button. The “Run/Edit Existing Simulation” dialog box opens. This Dialog Box
for Dispersion is as under:

2 x|

Mame of Organization: ||.|_|'||:D

Select Reference Mo LHG

Coal

: Ethyl mercaptan
E wploszion Lawa 1
Fire
LFG |

List of secondary Scenarios

Select Scenario Options Chlarine-T anner i‘

Scenarios Selection

4. CLG Liguid Pipe leak One Min. Bapid Vaporization of Creogenic Liquid| >
4. CLG Liguid Pipe leak One Min. Rapid Y aporization of Croogenic Liquid|
2. CLG Bullet Rupture maximurn Paal ane min. rapid evaporation [SMOD-{ 3

| | | _es |

i |

Fiog.-13.1: Run/edit Existing Simulation Dialog Box.

Step-5: Click Dispersion (or any other for Rerun/Edit), all the references of
Simulations Run already appear in the “Select Reference Number” List Box.
Step-6: Select the Reference No. you wish to Rerun/Edit from this List Box.
Notice all the Secondary scenarios already Run appear in the “Secondary
Scenario” List Box.

Step-7: Double Click the Secondary Scenario, you wish to Rerun/Edit and the
Simulation dialog box appears. Rerun/Edit this as required and the Rerun/Edited
secondary Scenario gets stored.

14.4 Setting Distance Limit for Dispersion: The distance limit for dispersion
simulation is kept at 10,000 m as default. If the dispersion distance exceeds this
default value you get a dialog box to continue dispersion with increased distance
and this continues in steps of 10,000 m till the dispersion can be completed. In



case you wish to limit the dispersion distance to a certain maximum distance,
then, you will have to increase the last Isopleth value and others above if
required, to enable dispersion within your maximum limit of dispersion distance.
Maximum Limit is 50,000 m

25
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14.5 Studying Results of Dispersion: Carefully study the results of
Dispersion.

You can Redo by click on [Redo] button.

Note: Height of Simulation is which is kept 1 m as default representing the
average breathing height of persons, is very sensitive and to be adjusted with
care to meet your needs. If you want effect on persons at a height say a
multistory building, then height of any floor may be used as height of simulation.

For children on ground, use 0.5 m as height of simulation. This may be needed if
the dispersion is near a school.

Once you do all dispersion scenarios for a chemical, these get displayed in the
list box at RHS-Top. You can rerun any of these by merely double click on
“Dispersion” option in the “Select Scenario Options” List Box and dispersion
scenarios already run, get loaded and you can select and rerun. This Rerun
options are also applicable to all the 4-Options available in the “Select Scenario
Options” List Box namely 1. Dispersion, 2. Fire, 3. Explosion and 4. Risk
Assessment.

15. Understanding Isopleth and Isoelevet: We shall now explain the
meaning of Isopleth.

PLUME VERTICAL GROSS SEGTION AT Y=# & X=# GALLED ISOELEVETY
PLUME (Y=8), F Y=5my,IT IS BOELEVET (Y=3)

SOURCE

—
f/'m"-'-.',"_’ o —

PLIRSE HORIZONTAL GROSS SECTION AY Z=1 £ X=90 AND HELD VERTFCGALLY IS CGALLED
BOPLETH (Z=T) FZ=5m IT X GALLED ISOPLETH (I=3) ET.

Fig-: 14: Isopleth and Isoelevet illustrated.

Now you understand all the results of dispersion simulation. First three columns
of dispersion results (Col-Nos: 2-4) for Isopleth along X-Axis in m for Begin Point
of each Isopleth, then End Point, then Isopleth length Then the 5" Column gives
Isopleth width along Y-Axis. Then the 6™ Column gives distance of Begin Point of
Isopleth from source. The 7" Column gives Isopleth the angle in deg. Subtended
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b?/ each Isopleth by tangents drawn from source of each Isopleth. Finally the last
8™ Column gives area of each Isopleth in m2.

16. Obtaining Dispersion Reports: Now you can see the out put reports in
tables and graphs by selecting the type of report from the “Report’s” Combo box
at the Right hand side bottom.

Now Reports of Dispersion can be displayed from the Report Combo box at the
RHS bottom.

Click open this Reports Combo box and you will see the following report options:

Concentration levels and distances.
Concentration Levels and distances for Mixtures.
Concentration Profile.

Plot hazard Zones.

16.1 Concentration levels and distances in Tabular form: You may click
the first option on “Concentration levels and distances.” You will find the following

Reports displayed:
Page1of 2

| HAMS-GPS : Dispersion Module

[Licensed to : HAMSAGARS) Date : ‘wWednesday, September 22, 2010

Data Entered
Reference No. : LNG
Mame of Chemical : LNG
Scenario: 5. CLG Gas Pipe Rupture Plume dispersion under stability DE [SMOD-8 Plume Dispersion module)
Height of releaze m) : 1
Atmospheric stability clags : D
Terrain ; Lewvel
Fate of Releazed [a/5ec] : 520

Results
Max lzop conc [ppm) : 293637 52 tax. lsop Conc. Distance [m) : 2.50
MGLC [pprm) : 34000.02 MG Distance [m) : 8.50
Esplosion mass (bm] : 0.01 Time for stabilization concentration zones of dispersion [Secs] 45.59
Concentration  fuermreeeessss o e | R — | Isopleth |%ié|tg?ﬁjem0£$?:é lsopleth angle  lsopleth Area
[pRrm): Begin point  End point Time [Sec)  lsopleth length  [v- &xis) [m] [m] [deg.) [me]
LEL: & |15uuuu ||2.uu ||4.31 ||1.us | |2.31 ||u.s1 | |3.5u ||4.93 ||1.11 |
LEL: ] |5uuuu ||2_uu ||3_?4 ||2_19 | |B_?4 ||1_33 | |B.5l] ||5_s4 ||?_u4 |
TEEL3/DLH: @ |15EIDD ||2.uu ||2u.33 | |5.21 | |1s.33 ||2.ss | |12.5u ||B.53 ||42.3u |
TEELZ: |3uuu ||2_uu ”B?.I]S ||1B_?B | |85_I]9 ||s_?4 | |4|J_5u ||B_1B ||44B_su |
TEEL1: |2DDD ||2_uu ||ss_95 ||21_?5 | |s4_95 ||11_2? | |52_5u ||5_13 ||?51_93 |
TEELD: & |snu ||2_uu ||132_23 | |45_59 | |1su_2s ||22_5? | |1I]B_5l] ||B_l]? ||32|]9_33 |

NOTE: According to latest Emergency Planning, one has to use TEEL [Temporary Emergency
E »xposure Limits-15 min exposures) and ERPG [Emergency R esponse Planning Guidelines-1-hr.
exposure) Limits are to be uzed I

Fig-15: Dispersion Results as given in the Dispersion simulation Dialog
box.
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16.1.1 Entering Population Data:

Population data is needed for the next Report showing fatality and Injury. To
enter the Population data click the option on Main menu on “Enter Population
Density” and you will get the following diagram:

I . —

10 W _“_"'ﬁ-u. Population denszitp/Ha
/ x_\ for gzector 1
a0 0To 2 km.

G ™~
//7L o km WIND H \—l\\ 10 2 Ta 4 km,
/‘ \ 30 34 Ta B km
! % . 15 36 To 2 km.
’ ll ﬂ 10 +8To 10 km.
f
‘ / |Medium Fural ﬂ

\\ / / Orientation zet in "Plot Hazard Zones"'
- /
S

Dl.ll[:

O ptions

S 5 ,«/ .
i Preview Report

Fig-16: Population Density data entry Dialog Box.

There is option for entering data in any of the 8-Orientations at 0-2 km, >2-4 km,

>4-6 km, >6-8 km and >8-10 km. There is a wind orientation line in the center
and there are 8-squares for 8-Orientations. There is another dialog for changing
the Wind orientation about which we shall tell a little later. For the present we
shall retain the wind orientation and enter the Population data. This has been
done as shown. There is a combo box for selecting the nature of Terrain. We
have selected “Medium Rural”.

Now click [Preview Report] button and Report no-2 gets displayed as under:
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16.2 Results of Dispersion for PROBITS i.e. fatality and Injury under
dispersion:

| HAMS-GPS : Dispersion Module

[Licensed to : HAMSAGARS] Date : Wednesday, September 15, 2010

Probit Egua’rions : Scenarnio : 1. CLG Tank mpture Flash W aporization forming Gas Cloud F
: : ~20
Fatality Probit (w]: -10.0  +1[Ln[Conc x Time)

Injury Probit (v): 5.0 ALniCone ™ 20 # Time) Wwind orientation selected |5

Probit Table and Absolute Fatality/Inju Sl Absolute
Distance(m] % Fatality % Injury Time [Sec) Area [Ha) along #-axis Dioze [ma) Fatality Mo. Injury Mo.
158.4 |I] 5h6.03 79.24 1136 151019.67 ||D.7397 0.000 31.825
460.29 |l] 100 23026 3.275 389406.53 ||13.0356 0.000 163.750
76218 |I] 100 27 4819 200096.13 ||16.6063 0.000 240950
106407 |I] 100 hiz 29 6062 108856.18 |[16.4721 0.000 303100
136596 |l] 100 683.31 7.089 65396.72 15.5027 0.000 354 450
1667_85 |I] 100 83433 7 944 4251047 14.3556 0.000 397200
1969.74 |I] 100 985 34 8.649 2933815 131376 0.000 432 450
2271.63 ||] 100 1136.36 9.220 212025 11.8801 0.000 92200
2573.52 |l] 100 1287.38 9665 15889.22 10.6338 0.000 96._650
2875 41 ||] 100 1438.40 9.989 12260.28 9.4499 0.000 99.890
NF73 ||] 100 1589.41 10.194 9689.46 8363 0.000 101_.940
347919 |l] 100 1740.43 10.280 7812148 ¥.3887 0.000 102.800
3781.08 ||] 100 1891.45 10.240 6405.93 6529 0.000 102400
4082 97 ||] 100 2042 47 10.069 5329.35 h77I6 0.000 302.070
4384 86 |l] 100 2193.48 9.752 4489 57 51242 0.000 292 560
468675 ||] 100 2344 50 9.270 3823.73 4 5575 0.000 278100
4988 64 |l] 100 2495.52 8.588 3288.18 4 0661 0.000 257.640
529053 |l] 100 2646.54 7.650 2851.94 26395 0.000 229.500
5592 42 ||] 100 2797.55 6.334 2492 56 3.2685 0.000 190,020
5894 31 |l] 100 2948.57 4.301 2193.48 2.9449 0.000 129.030
Fig-17: Results of Dispersion for PROBITS i.e. fatality and Injury under
dispersion.

To understand these Results, you will have to understand what is an Isopleth.
This is described below once again (See also Para-13):

Isopleth is a constant concentration dispersion horizontal cross section
zone along down wind x-axis and at a height z (normally 1-m average
breathing height).

In contrast the vertical cross section of a dispersion is called Isoelevet.
16.2.1 Obtaining Graphic Dispersion Reports:

On clicking Plot Graphic reports option on the Reports Combo box, you will get
the following dialog box to modify orientation and wind direction as under. You
can change the orientation (Shown by Red line and wind direction shown by
green line by dragging the lower adjustment bars to right till you reach the
desired positions for Orientation and Wind:
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After mapping you must save the AutoCad file before clozing this dialog box.

Fig-18: Mapping options for setting orientation and wind direction for
Autocad/Graphic plot reports.

This dialog box also has options for selecting concentration zones. By default all
are selected. This can remain. There are three buttons for [Open AutoCad
Drawing], [Open Blank drawing] and [Map Hazard Zones on Picture File] for
plotting the dispersion graphs. So there are three different ways of mapping the
hazard zones. You can choose as appropriate. Autocad mapping takes Autocad-
2000 file.

16.2.3 Plotting Hazard Zones on AutoCAD Drawing: Click on button [Open
AutoCAD Drawing] and select the AutoCAD File required to be opened. click
on [Set Source Point (Zone)] button. The Curser goes to Autocad map with +
sign curser. With this + sign curser, select Source Point and click. The dispersion
gets plotted. It may take some time to plot. So on clicking at the Source Point
wait till dispersion zones are plotted. Following is an example of Dispersion
Plotted on Autocad map of a Factory:
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Fig-19: Dispersion plotting on AutoCAD Map.

Note: The dispersion line graphs may be too thin. To make them bold double
click on the main blue Title bar of Autocad Drawing

On doing so several options appear at the bottom as shown:

SMAF| GRID! ORTHO![POLAR [OSMAR [OTRACK [T [MODEL .
I E—— -

Now click on the option [LWT] and the lines become bold.

16.2.4 Plotting Hazard Zones on Blank Drawing: Click on button [Open Blank
drawing].

Plotting Hazard Zones on Picture File: Click on button [Map Hazard Zones on
Picture File] The following dialog Box appears (Shown in part):
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wIND

| HAMS-GPS : Dispersion Model Date : Thursday, April 11, 2013 .
[Licensed to : HAMSAGARS Scenario: 1. Bullet Pool 1 min rapid evaporation
dispersion under DFE stability D <

Scale: 1:

[

Fig-20: Dialog Box for Plotting hazard Zones on Picture File.
This has number of options as under:

Click on Menu Item “Insert Drawing / Set Scale” and you get the following
options:

Insert Drawing / Set Scale -> Select Drawing:

Select Drawing From File
Set Scale ' Screen Capture

Insert Drawing / Set Scale -> Set Scale:

Select Drawing

Set Scale ' User Defined
Fit to Scale (Vertical)
Fit to Scale (Horizontal

So there are 5-Options in all as under:

1. Drawing from File: You can open a Drawing File and Plot the Hazard
Zones,

2. Screen Capture: You can capture a Map/Drawing e.g. a Map from Google
Map.
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3. User Defined: This option enables Plotting Hazard Zones in the following
ways:

a. You can insert a Picture File,

b. You can Use Screen Capture to insert an AutoCAD Map,
Google Map or a Picture: For this purpose, first open AutoCAD
File or Google Map or Picture File then Click on “Screen capture”
Option. Where by the following Dialog appears:

/| 22 Gongle Maps x N l=l@] = |
&« C' [ maps.google.co.in/maps?hl=engtab=y o2 =

v - [ safevieb - @ ientity Safe -

Yo Search °
1ot S41C S AMSAGARS : Screen Capture

GO\ ;8]6 Sign in
[ = Rithal ]
Ll Sonepat Goudpur L SR
o~ Meha Tatauli S
’ LA e
| € > m Sundarpur Baghpat VoA
\ F Rai )
AN/ m Satellite
L
= %, Rohtak 1 ey Trafic |
o] (A raffic
(o) Uy Kflinga ) oﬁrg Kharkhoda Naharn ~Kundi Khekra a
b sy o Narela
‘[EP ‘ Kalanaur Kharawar Garhi Bhargart il
wani| + prangabad Bawana
Migana Sampla 1 Suleman Muradnage
Qubuer Maira Burari o
10, it
Gochhi Rohini - EE Duhai
@ Sanwa Dayal Pur
=] Beri 2] ¥oad g Pitampura Fasdinda
anadurgar Paschim :
£ i L Shahdara Ghaziabad
g Vihar
Karoli .
Jaundhi g : New Delhi Indfapuram
crarkn | % Janakpuri 2 Chhagraula
Bini |~ Dadri Jhajjar Dwarka South ae
G ajpal
o Dasla Badli T Nai;ar
Sarfval Silana Bhati 2h kS
Najafgart Vasant Kunj i oida UPSID
: Jhes! Industrial Area ;
Chhillar Eesnt Dharam = : Site €
Chandpur Sultanpur Bird Colony 238 evli Tajpur
Sanctuary Greater
= Chidiya Dhana Aot Y Gurgaon Jona Pur ; 3 Noida
) Sector 37 :
; Seclor 49 | BEndWi g e captured e abad !
Ballwa Kosli
Guraor Khandewla JT i =
|1ka @ Manesar, iy G
A0 mi Haileymandi Budd
Kanina Khuspura  Jatusana Pataud Ballabhgarh
e B Map data 2013 Google - Editin Google Map Maker  Report a problem |

- | = HAMS-G S HAMSAGARS . |

Fig-21: File

F
= Maps- ... | 3 hipAdvQRA - .., ol T &FE 4a 3 1A
¥

capture Window on Google Map.

On the “Screen Capture” there is a Red Button for “Capture” of portion of
Screen behind the “Screen Capture” Window. There is also a Red Check
Box which if Checked saves the Captured Screen as BMP-File at the
location choosen which can be used elsewhere also.

Now Click on [Capture] Button where by the Screen portion within the
“Screen Capture”. If the “Save Captured File” Check Box is Checked, you
will be first asked to save the Captured File as “Default.BMP file. Choose
the location and change file name if required and then save. Then Window
gets captured and also gets inserted in to the Dispersion Hazard Zone
Plotting Window automatically as shown below:
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Fig-22: Captured File on Dispersion Plot Window.

c. Opens a Blank File.

In all these cases, a mini yellow dialog box for setting user defined scale
appears. You select two points where by the Unit value of distance between
points is displayed. and insert the value of scale for the distance between 2-
Points selected and click on . [Select Source] button. The User defined Scale
Dialog Box is.as under showing the Units of Distance selected and also the

distance value entered by user..:

Firzt Point Selected
Second Point Selected

11.38 Unitz = |20 m
Select Source

Fig-23: User defined Scale Dialog Box:

Setting Wind Direction: Set Wind direction from “Mapping Options Dialog Box
as under by catching the green Wind Arrow and moving it to the Orientation
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required. Red line shows North which is vertical by default by can be changed by
catching the red line and moving as required. You can also change these by

Slider Bars below:

HAMS-GPS- Mapping options

Document:
Select Concentration
: : Zones for Platting
| Open dutoCAD Drawing I Open Blank Drawmgl WIND &
v LIEL:
Set source Foint [(£ones] I Iv LEL:
g W TEEL2/IDLH:
Set location Points [Cone. ]
| St AutolAD scale. IvREEL::
v TEEL1:

1 : 4 v TEELD:

MOTE: Aszuming under direction, Baze angle
option "Eazt = 0" iz selected.

Select Morth direction [deqg)
F"J 15

' Seleuit Wind direction [deg] o Bl |

After mapping you must save the AutoCad file before clozing thiz dialog box

tap Hazard Zones on
Picture file

Fig-24: Mapping Options Dialog Box with Wind and North reset.



Move to the point for Plotting the Hazard Zones and Click. Hazard
Zones get plotted as under:

WND

|HAMS,GPS : Dispersion Model Date : ‘wWednesday, September 15, 2010
[Licensed to : HAMSAGARS] Scenario: 1. CLG Tank rupture Flash Yaporization E
F

forming Gas Cloud

* Soures paint

915

HISE

i
o

IET.?Sm

Fig-25: Dispersion Plot on Graphic Picture.

= HAMS 'S : Hazard Mapping preview

Fn Tresest drawirgfSet Scals Wedkaw Cone

WIND

| HAMS.GPS : ispersion Model Drae - Thurnday, gl 11, 2003 6 i

[Lisenzed lo . HAMSAGARS Scenanio: 2, CLG Dullet Mupture maximum Pool one min.
rapul wrapmalon A
Scabe:- 1: 2449 m

EL Lo [ppm] 150000

L Conc, [ppem] S0000

TEFLAADLH: Core [ppm] 15000

TEELZ Lore. [ppm| 3000

»{TEELT: Cone, [ppm] 2000

TEELZ: Cone. [ppm] 60

‘\
|
|

O B Ly R

Fig-26: Dispersion Plot on Blank Page with selected Orientation.
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Application of these Techniques of Plotting Hazard Zones: The above
Techniques of Plotting Hazard Zones apply to all Scenarios-Dispersion,
Fire and Explosions.

16.2.5 Zooming Option for Graphs:

i Zooming AutoCAD Dispersion Graph: AutoCad Graphs can be Zoomed
in and out by gf selecting Lens-Curser and dragging on the AutoCad
area. -

Checking dispersion Isopleth length and width: To check distances

on AutioCad dispersion Isopleth lengths and Widths, Select the g
[Distance] button and clicking at begin and end points of "
required Isopleth, you will get distance displayed. Similarly width of Isopleth can
be checked.

To generate this mapping of dispersion on Graphic map, you have to do the
following:

ii. Zooming Graphics other than in AutoCad: For all other than AutoCad
Graphics, you go to Main Menu and click on “Insert Drawing/Set Scale” option
and find “Zoom” option that opens to 2-Zoom options, Select any one and click
on the Graph, it gets zoomed in or out as selected. This Zooming facility is
available for all Graphic Displays.

16.2.6 Plotting Location Points (concentration) in any direction and any
distance: Click “Open Blank Drawing” button and double click any AutoCad
file. It will open a blank AutoCad File. Select [Set Location Points (Conc.)]
button from “Mapping Options” Dialog Box and click at a point on the blank
AutoCad area where you want the source of release to exist. You will get the
Scenario description printed at this Source Point clicked. A message box comes
to click on Location Concentration Point [Yes] [No] buttons. Click on [Yes]
button and click at any distance away from Source Point. You get distance in m,
Concentration in ppm, and Hazard Level at this point displayed. You can
continue to click more Location Points to display distance, conc. And hazard
levels at these points. To close the Plotting of Location Point Concentrations,
click on [No] button of Location Point Plotting Dialog box. You can do the same
after Plotting dispersion on a AutoCad drawing, but the readability of text will
depend on the blank spaces in the AutoCad drawing. So a blank AutoCad
drawing is better. Following is a sample of such a plot on blank AutoCad drawing:
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Fig-27: Location Distance Points of Concentrations and Hazard Levels.

This completes our discussion on Dispersion simulation for one stability class
and repeat for other stability class as required. Note you normally require D and
F stability class dispersions.

You can also display dispersion on blank sheet. For this click on [Map Hazard
Zones on Picture file] button in Mapping options dialog (see Fig-18). A Blank
sheet appears (see Fig-21). Now Click on “Insert Drawing/Set scale” option on
main menu on “Hazard Mapping Preview” dialog box ->Select Scale->Fit to
page (Vertical) or (Horizontal). We have selected Fit to “Page (Horizontal)”
option and the following dispersion diagram gets displayed on scaled grid with
scale displayed at LHS-Top corner:

16.2.7 Plotting Profile and Fatality-Injury Graphs:

From Reports Combo Select “Concentration Profile” option. You get the
following Profile Graph:
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| HAMS_GPS : Dispersion Model Date: Thursday, June 12, 2014

[Licensed to : USER] Scenario: 4. CLG Liquid Pipe leak One Min. Rapid
Yaporization of Cryogenic Liquid Pool [5SM0D-37 Pool
Concentration profile [ISOELEVET]) dizpersion DF)

350200

27 7107)60

2040543

73032310

Eovaa0l7

S34735]4

511646019

438553139

365461]54

232369]23

21327632

146184162

7303291

0
[ppm)

0 1.283 2577 3866 5155 6444 7732 3021 10310 11.533 12887 14176 15.465 16754 18.042 13.337 20,620 21.309 23197

Fig.-28: Concentration Profile Graph of Dispersion.

Concentration Profile is Concentration Vs. Distance Graph. If you hold the Curser
on any position of the Graph line, you get the Exact Concentration and distance
of that Point.

Menu Options: for Profile Graph:
On the Top Left Corner there is Option for:

Print
Exit

In the Middle of main Menu Bar you have the following options for Graphs:
Concentration Profile

Fatality-Injury Profile
»Zoom Select Distance
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Reset

By Selecting “Select Distance”, you get a vertical line and place it on the
Profile Graph at a distance required and click, you get Profile Graph within
that limit only.

If you Select “Fatality-Injury Profile”, you get the following fatality-Injury
Prophile Graph:

| HAMS -GPS : Dispersion Model Date: Thursday, June 12, 2014

[Licensed to : USER] Scenario: 4. CLG Liquid Pipe leak One Min. Rapid
Yaponzation of Cryogenic Liguid Pool [SMOD-37 Pool
Fatality and Injury profile dispersion DF)

105.00

96,92 | T Percent Fatality

G885 i T Percent Injury

2077
7263
E4.62
o6.54
48,46
40.38
3231

24.23

16.15

5.03

8=

0 1283 2577 3866 G165 G444 7732 9021 10310 11.533 12887 14176 15,465 16.754 18.042 19.331 20,620 21.903 23157

Fig.-28: Fatality-Injury Profile Graph of Dispersion

Here again you can use Zoom-> Select Distance option to redraw the Profile
Graph within a Selected Shorter distance as illustrated for Concentration Profile
Graph earlier.

These Profile Graph options are also available in Fire and Explosion simulations.

This completes our discussions on Dispersion modeling.
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17. Fire Simulations:

Fire and other simulations are very similar to but much simpler than dispersion

simulations.

Now go to “Select Scenario Options” Dialog Box from where we selected “1.

Dispersion” option and ran the dispersion simulation step by step. Now you
select “2. Fire” option and the fire scenarios get displayed. Select the first

secondary scenario on “CLG-Liquid Main Pipe leak free spread pool fire”

Reference Mo.: |

) : Chemical Quantity . .
S e i Chemical name: Get Chemical D ata [Kal: Select Scenario Options

x|

A click on this
takes you back
to Organization
dialog box

Name of Organization: [MyCo. Add New/Delete/Select O rganizat

[ Tank with Pillar Faundation

| MG Tank | | 1 Digpersion

LPG Tank Downwind — Cross wind ; 2 Fie ;
R adius Diypke Dk, Height of 3. Ewplasion
Tank(m] Pipe(mm) dimersion (m]  dimersion (m] dykewall[m] |4, Risk Azsessment
| | | |

Frimary Scenarios:

1. Catastrophic failure of Bullet-Giving rize to secondary scenarioz [For cylinders »=1-Tonne)
2. Guilloting rupture of Main Gas pipe/nozzle of Bullet- Giving plume as secondary scenaria
3. Guilloting failure of main liquid pipe of the Bullet-Giving rise to secondary scenarios

Secondary Scenarios with conseguent damage to life and property az applicable:

1. CLG Liquid Main Pipe leak free spread Poal fire [SMOD-f36a Fire madule]

2. CLG Bullet Cryogenic Liquid Poal Fire (SMOD-e67 Fire modulg]

3. CLG Gag Main Pipe Rupture Jet Fire [SMOD-e3 Fire module)

4. CLG Tank rupture Flash 'Yaporization forming G as Cloud leading to Fire Ball [SMOD-bE Puff)

5. Opened Tank Flash vaporization of Bullet dimensions-forming puff leading to Fire Ball[SI0D-bE)
E. CLG Liquid Main Pipe leak Flazh puff far 5-min leading ta Fire Ball [SMOD-F36 Pulf dizpersion DEF)
7. CLG Tank Puff immediate edge ignition leading to Fire Ball [Sk0D-bE Fire module)

8. CLG Tank Puff Delaved edge ignition leading to Flazhfire [SMOD-bE Fire module)

<

Total Oty. Flashed [Kg) Add
; Refererce Delete |
Paal radius(m) No

Exit

I

option. Following is displayed.
Fig-26: Fire simulation SMOD option.

Now Click on the LHS bottom button [Do SMOD for Fire simulation]. The

SMOD is done and results are displayed and the LHS bottom button becomes

[Start Fire simulation/Redo SMOD].

Click this button and click [YES] on the [YES][NO] dialog that appears exactly as

in Dispersion.

The Fire simulation dialog appears. Most Important, First Edit the Scenario to suit
your need. Then Click on [Compute IHR-for Isopleths]. Following results dialog

appears.
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= ' x|

| Wame of Organization: |M_.'|[:g_ Opened Tank Flash vaporization of Bullet dimenzsions-forming puff leading to A
| CLG Tank rupture Flazh Y aporization forming Gaz Cloud leading to Fire Ball
| Reference Mo.: |LNE Tank 3. CLG Gas Main Pipe Bupture Jet Fire
- 2 CLG Bullet Cryogenic Liquid Pool Fire
| Wame of Chemical |l NG 1. CLG Liquid Main Pipe leak free spread Pool fire (SMOD-£35a Firs moduls) ¥
Scenario: [1. CLG Liquid Main Pips leak free spread Pool firs [3MOD-£36a Fire module] Get Explosion Mass ‘ | Explosion Mass{lbm] : 0 |

From Dispersion

| Pool/Dyke Depth from | o1 Height of simulation (m]: [ Atmospheric stability class.: [p w | Temain: || gwel »| ¥ Pool/Duke Fire
ground [m]: | J | J i

Stochiormetric Fuel-&i ; 25
|| Wolume R atio: | |P00| fie J
Maximurn IHR at Flame Centre Height (KW Am2) Distancelm) Distanceim)
) . . . Fadial From  along Ht of Effect of IHR

b aximum IHR at height of gimulation (Kw/m2) et e
IHR (K3 #m2] for First [sopleth : | . | 367 | 3.03 |F'ain after 20 Secs. Blistering unlikely.
HR (K /m2) for Second lsopleth | O | 367 | 303 |F'ain after 20 Secs. Blistering unlikely.
IHR (KW /mi2) farThird |sopleth © | . | 367 | 3.03 |F'ain after 20 Secs. Blistering unlikely.
IHR [Kiw//m2] far Fourthlsopleth : | O | 367 | 3.03 |F'ain after 20 Secs. Blistering unlikely.
IHR (K3 fm2) faor Fifth lsopleth : | O | 5 44 | 5.03 |No digcomfiture even on long exposune,

Flame Burnout Time [Mins] 1.27 Compute HR for [sopleths Reports

(Kl 2] : |

El
Exit

Heat Flux [Kiw/mz) 11.58

Fig-29: Pool Fire Simulation Dialog Box.h

Carefully study these fire simulation results. IHR stands for Intensity of Heat
Radiation in KW/m2.

Note: Once you run all the available Fire scenarios, these get displayed in the list
box on RHS-Top. Then merely by double click on any required fire scenario, it
gets loaded and just click [Compute IHR fir Isopleths (KW/m2)] button. So
once you run scenarios, you do not have to go through each step. You can redo
all fire scenarios from the list box of done scenarios.
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17.1 Obtaining Fire Simulation Reports: Now Reports can be obtained from
the Reports Combo box exactly as in case of Dispersion.

Following Report options are available in the Reports combo box:

IHR-Distances.
IHR-Profile.
Fire drawings.
Plot IHR Zones.

First click on IHR-Distances Option and see the following Report:

i
=

Page1of 2

| HAMS-GPS : Fire Module

[Licensed:ta; HAMSABARS] Date : Wednesday, September 15, 2010

Data Entered
Reference Mo, : LNG Tank
Mame of Chemical : LNG
Scenario : 1. CLG Liquid Main Fipe leak free spread Pool fire [SMOD-F36a Fire module)
Fool/Dyke Depth from ground [m]; : 0.01
Atmogpheric stability clags 1 D
Terrain : Level
Fate of Released [g/5ec) - 1260

Results

b awimum IHR at Flame Centre Height (Kwi/mz2]  |7.01 Distancelm]  Distance(m)
Masimum IHR at height of simulation (Kw/m2) 7,07 i et EftectaflHk

simulation

Fain after 20 Secs. Blisteri lik.ely.
IHR (KwW/m2] for First lsopleth [+ |@[ 367 [ 303 | [ e REma R
HR [Ki/m2) for Second lsopleth : |4 | | 167 | | 303 | Fain after 20 Secs. Blistering unlileely.
IHR (KW/m2) for Thid Isopleth |4 |. | 167 | | 3.03 | Fain after 20 Secz. Blistering unlikely.
IHR [Kw/m2] for Fourthlsapleth: |4 | | 367 | | 303 | Fain after 20 Secs. Blistering unlikely.
IR (K m2) for Fifth lsopleth |1 3 | | 544 | | 503 | Mo dizcomfiture even on long expozure.
Flame Burmnaout Time [Minz) 1.27
Heat Flus [Faw/mz) 11.58
Flame width [m]: 3.06
Flare Height [m] 614
Flame centre height (m) 3.08
Flame Tilt Angle due to wind [deg.] [0.0156
LY

Fig-30: IHR-Distances for Pool fire.

As in case of dispersion, the second Report under IHR distances is for PROBITS
i.e. Percent and absolute injuries and fatality. For this it is necessary to enter
Population densities exactly in the same was as done for dispersion. The
Population data entered earlier will be there. Second report is found as under:
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Page 2of 2

| HAMS-GPS : Fire Module

[Licensed to : HAMSAGARS] Date : wednesday, September 15, 2010

Scenario : 1. CLG Liquid Main Fipe leak free spread Pool fire [SkOD-f36a Fire module)

“wind orientation selected :1
Probit Table and Absolute Fatality/Injury (At height of simulation)

Ahsolu
Distance (m] HR [(kKW/m2] Dosze % Fatality % Injury Area [Ha) Injury Type Secondary Fire - S e.
(Kwhm2] Fatality Mo, Injury Mo

303 49 48.97 ||] 26.53 0.003 Pain Unlikely ||I]_I]I]l] 0.008
313 459 4589 ||] 222 0.000 Pain Unlikely ||l].l]l]l] 0.000
3.23 4.3 43.09 |u 20.85 0.000 Pain Unlikely ||u.uuu 0.000
333 4.05 40 54 |n 18.35 0.000 Pain Unlikely ||n_nnn 0.000
343 3.82 38.21 ||] 16.14 0.000 Pain Unlikely ||l].l]l]l] 0.000
353 3.61 36.08 o 14.12 0.000 Pain Unlikely |[0-000 0.000
363 341 3412 |n 1219 0.000 Pain Unlikely ||n_nnn 0.000
373 323 2.3 ||] 10.46 0.000 Pain Unlikely ||l].l]l]l] 0.000
383 3.06 30.65 |u 8.83 0.000 Pain Unlikely ||u.uuu 0.000
393 291 2911 |n ||?_33 0.000 Pain Unlikely ||n_nnn 0.000
403 277 27.68 ||] 6.04 0.000 Pain Unlikely ”l].l]l]l] 0.000
413 2.64 26.36 ||] 479 0.000 Pain Unlikely ||I]_I]I]l] 0.000
423 251 25.13 ||] 354 0.000 Pain Unlikely ||l].l]l]l] 0.000
433 2.4 23.98 ||] 2.48 0.000 Pain Unlikely ”l].l]l]l] 0.000
4.43 229 22.91 ||] 1.42 0.000 Pain Unlikely ||I]_I]I]l] 0.000
453 219 21.91 ||] 0.46 0.000 Pain Unlikely ||l].l]l]l] 0.000
463 21 20.97 |u ||IJ 0.000 Pain Unlikely ||u.uuu 0.000
473 2.0 20.1 |n ||n 0.000 Pain Unlikely ||n_nnn 0.000
483 1.93 19.27 ||] ||l] 0.000 Pain Unlikely ||l].l]l]l] 0.000
493 1.85 18.5 |u ||u 0.000 Pain Unlikely ||u.uuu 0.000

Fig-31: Pool Fire PROBITS i.e. % and absolute Fatality and Injury

Similarly select the next Report option on IHR-Profile and the following result
comes:
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| HAMS-GPS : Fire Model Date : Wednesday, September 15, 2010

[Licensed to - HAMSAGARS] Scenario: 1. CLG Liquid Main Pipe leak free spread Pool fire (SMOD-f36a
Fire module)
IHR profile

4.00

2.6

3.38

3.08

1] 02 085 084 112 140 183 196 224 252 2¥3 207 335 3E3I 39 418 447 475 B3
Digtance [m)----- >

T

Fig-32: IHR Profile of Pool fire.

Now select the next Report option from Reports combo box for Fire Drawings
and find the following Report:
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| HAMS-GPS : Fire Model Date : Wednesday, September 15, 2010

[Licensed to - HAMSAGARS] Scenario: 1. CLG Liquid Main Pipe leak free spread Pool fire (SMOD-f36a
Fire module)

Scale:-1:0.36m

¥
375 1R (Kw/m2)
25 IHR [Knim2)
125 IHR [Kwa/m2)
4HR [Kw}a:’m2]
1.6 IHF: (Kipmz]

oley 1 X |

1
|
!

! Height of simulation

[ @Tm

Ground Lewvel

L Gl /'J.
Fig-33: Pool Fire Drawing.

Study the details of Pool Fire drawing.

Next Report is on Plotting IHR-Zones and the procedure is exactly the same as
for dispersion Plotting.

17.2 Flash Fire Simulation: “Flash Fire” is not a separate Scenario under
Fire Option. It is a part of “Pool Fire”, “Fire Ball” and “Jet Fire” Scenarios. In
the Fire Module Dialog Box, when you select a scenario “Pool Fire” or “Fire
Ball” or “Jet Fire” there is a Combo Box with default selection as “Pool Fire” or
“Fire Ball” or “Jet Fire” as per your selection. Open this Combo Box you will
find “Flash Fire” option and select this option, but by selecting “Flash Fire”, the
Scenario title does not change, so you have to manually change Scenario to
“Flash Fire”. It is Important to note always, to Edit the Scenario first before
proceeding further in all cases. Once you correctly Edit Scenario, it gets
stored and no problem in re-run of the same scenario. Now for “Flash Fire”,
the Explosion Mass can be directly obtained by remembering exactly which
Dispersion Scenario has the required Explosion Mass, In that case after
Selecting “Flash Fire” and Editing the Scenario, Click on [Get Explosion
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mass (Lbm) from Dispersion] press button. As soon as this button gets
depressed, all the already run Dispersion Scenarios where Explosion mass
data exists, appear in the Scenario List box above as shown below:

19. CLG Gas Pipe Rupture Plume dispersion under stabilite D ”
12. CLG Main Liguid pipe Rupture 5-min flazh puff Dizpersion O

2. Dz on gite Poal slow and steady evaporation dizpersion under D

1.CLG Bullet Bupture masimurn Pool one min. rapid evaporation O

4. Diumg an gite over heating by external zource-Puff [SMOD-cE puff dizpers

Fig-34: Dispersion Scenarios displayed on Depressing [Gei Explosion from
Dispersion] Press button.

Now, if you identify correctly which Dispersion Scenario has the required
Explosion mass, Double click that Dispersion Scenario and if you have
done the dispersion simulation, the required Explosion mass gets
displayed in the [Explosion Mass] Button. However, you can make note of
Explosion mass in corresponding Dispersion simulation and manually
enter under “Flash Fire”. This is done by double click on [Get Explosion
Mass (Lbm)] button and Explosion mass entry Dialog opens where you
enter the Explosion mass in Lbm which must be noted in dispersion
simulation.

| E wplozion Mazs(lbm] : O |

]9
get E splozion Mazs by clicking Button Q

f

! Explosion kazs

1 MWOTE: Youc
1 [Get Explozion Maszs From Dizpersion] Cened
| R
1|0
77 .
Fig-35: a. [Explosion Mass] Button and b. “Explosion Mass” data entry
Dialog box.

17.3 Jet Fire Simulations: If you have Pipeline failure case of a Flammable
Gas or Liquid, as Primary Scenario, you will get “Jet Fire” Option as a
Secondary Scenario and you can do simulation for Jet Fire exactly in the same
manner as for Pool Fire. Along with Jet Fire Secondary Scenario you will also
find Gas Pipe leak “Flash Fire” Secondary Scenario also. If you select this
“Flash fire” option you will get a Combo containing “Jet Fire” as Default and
“Flash Fire” as second option in the Combo Box..

17.4 Fire Ball Simulations: In case of Flammable gas Puff Scenario as the
Primary Scenario, you will also find a Secondary scenario as Fire Ball and by
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selecting this Secondary Scenario, you can simulate Fire Ball. Along with the
“Fire Ball” as Default, the Combo Box has “Flash Fire” option also and this can
be run.
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17.5 Rerunning/Editing Fire Scenarios: once done, by a shortcut method:

See under this under Dispersion and follow the same procedure.

18. Explosion Simulation:

Explosion Simulation is very similar and you have to start with Selecting

Explosion option and scenarios get displayed. Now Select a secondary scenario.
And click LHS bottom Button [Start SMOD for Explosion simulation]. Following

Dialog appears:

Reference Mo.: |

Name of Organization: [MyCo. &dd New/Delete/S elect Organization | m

i - Chemical Quantity . .
Select Reference Mo.: Chemical name: Get Chemical Data [Kgl Select Scenario Options

LMEG Tark [ [

Dispersion
LPG Tank

1
i . 2. Fire
D d
Radius D;:\len el B;le: hie Height of 3. Explosion
Tankim) Fipe{mm] dimension (m] dimension (m) ke walllml | 4. Risk Assessment

I Tank with Pillar Foundation

Primary Scenarios:

1. Catastrophic failure of Bullet-Giving rize to secondary scenarios [For eylinders »= 1-Tanne)
2. Guillotine rupture of Main Gas pipefnozzle of Bullet- Giving plume as secondary scenario
3. Guillating failure of main liquid pipe of the Bullet-Giving rize to secondam scenarios

Secondary Scenarios with conzequent damage to life and property as applicable;

1. Bullet catastrophic failure CLG puff delayed intemal ignition leading ta Explosion scenario [UCE module]

Exit

Add
Reference Delete |
Mo,

Fig-36: Explosion simulation for SMOD.

After SMOD is done Important You Must Edit the Scenario as appropriate. Then
Click on the same button now labeled [Start Explosion simulation/Redo
SMOD]. Click [YES] option in the [YES][NO] dialog. Following dialog appears:



51

= =)

MHame of Orgarnization: |

Reference Mo.: [

Mame of Chemical: |

Get Explozion Mass

Scenaro; |'I. Bullet catastrophic failure CLG puff delayed internal ignition leading to Explosion scenar i en

Cloud height at PoolDpke [1.00 [ At Paol/Dyke Height  Height of simulation (m]: THT Equivalent of the
[Depth from ground [m]; Sl chemical :

‘ [

Fog-34: Explosion Simulation dialog.

Now you have to get Explosion mass. You will have Explosion mass only if you
have done dispersion of the flammable gas before doing explosion. If you have
done Dispersion for the scenario for which you need Explosion mass, then:

First Press the [Get explosion mass from Dispersion] press button (Note:
[Compute Over Pressure (psi)] Button gets Disabled and you have to release
the Press Button after getting the Explosion Mass). All Scenarios get displayed in
the Scenario List Box. Now select the scenario required for explosion and double
click it. You get the following dialog with Explosion mass. Now you must release
the Pressed [Get explosion mass from Dispersion] Press Button to Enable
the disabled [Compute Over Pressure (psi)] Button. If you have not done the
required Dispersion of any Flammable Gas Scenario, then you can manually
enter the Explosion mass in Lom by double Clicking the Explosion Mass (Lbm)
box and a dialog appears for entering Explosion Mass in Lbm and then click [OK]
button to store the Explosion Mass. Note: The Explosion Mass depends on the
Size of Puff and time of attainment of maximum LEL-Zone and is computed by
Dispersion of Flammable Puff Scenario only. So you must do Dispersion and get
the Explosion Mass (Lbm) and this is displayed on Dispersion Simulation Dialog.
You can note down this and enter under Explosion simulation manually.:

Mame of Organization: |Eenelal Motors India Pvt.Ltd. [(Halol] 1. Bullet catastrophic failure CLG puff delayed internal ignition leading to Explosi
Reference Mo [LNG Tank
Mame of Chemical: [LNG

Seenario: |1, Bullst catastrophic failure CLG puff delaved internal ignition leading to Explosion Get Explosion Mass
From Dispersion

Cloud height at Pool/Dyke [ oo v Height of simulation [m): [1 THT Equivalent of the
[ Depth from ground [m): Bl el (el = ) Chemlc‘?ﬁl : z

| Explosion Masslbm] : 19,21 |

]

Explo?on mass

Compute Owver Prezzure [psi] | |F‘Epmls

=l
. Exit
Fig-37: Explosion Simulation dialog with Explosion mass from dispersion.
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Now Press on the Pressed [Get Explosion Mass from Dispersion] button to
release back to Enable the disabled [Compute Over Pressure (psi)] Press
Button.

Following results of Explosion appear:

Note: Once you do all the Dispersion scenarios, these get displayed in the list
box on RHS-Top. Then you can double click on any of these done scenarios to
load it and run without going through stepwise. If explosion mass does not
appear on the top RHS-Text box, then click press button [Get explosion mass
from dispersion]. All Flammable gas dispersions already done, get listed in the
above List Box. You can double click required one, to get the Explosion Mass
(Lbm) for this Flammable gas dispersion scenario. After display of the
Explosion Mass (Lbm), you must press the [Get Explosion mass from
dispersion] button to release it. Then only the [Compute Over Pressure]
button gets enabled and you can run the explosion scenario loaded.
Explosion mass must be displayed in any explosion scenario otherwise
error message comes.

M ame of Organization: ||.| yCo. 1. Bullet catastrophic Failure CLG pulff delaved intemal ignition leading to Explosi
Reference Nao: |LNE Tank
M ame of Chemical; ||_N|3
Scenario: |1. Bullet catastrophic failure CLG puff delayed internal igniion leading ta E xplosion ET‘__t Explasion Mass ‘ | Explosion Mass{lbm) : 1321 |
| tom Dlisperzion
Cloud height at PoolDyke [100 [ At Paol/Dyke Height  Height of simulation (m]: [1 THT Equivalent of the
Drepth from ground (m: peviReTEg chemical ; t
Un-Confined Explosion Summary at Height of simulation [m] 1.00 A
1. Cloud Rads [m]: 1.47
2. Exploszion Yield Factor: 018
1. Storage tank/frameless structure damage limit [m]: 11.58
2. 50% BrickWall damage distance limit [m): 13.72
3. Sheet/Panel damage limit [m]: 36.58
4. Safe distance/Miszile imit [m): 141.43
5. 100% Fatal distance [m]): 3.05
6. B0% Fatal distance [m]: 4.27
7. Fatal diztance limit [m}: 5.79
8. 100% Structural damage limit [m]}: 6540
9. 50% Structural damage limit [m): 19.51
10. Structural damage hmit [m): 49.68
11. Ear drum damage limit [m]: 52.73
12. 100% Glazs break limit [m): 23.77 bl

Repaort:

Compute Over Prezsure [pai]

Esit

Fig-38: Explosion simulation results aialog.




You can develop reports by selecting Explosion report options from Reports
combo box. The various reports generated are given below:
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| HAMS-GPS : Explosion Module

[Lizenzedito;- HAMAARARS] Date : wednezday, September 15, 20010

Data Entered
Feference Mo, : LMNG Tank
Mame af Chemical : LMG
Scenario ;1. Bullet catastrophic failure CLG puff delaped intemal ignition leading to Explogion
Cloud height at Pool/Dyke Depth from ground () : 1.00
THT Equivalent of the chemical : 7
Explogion Magz (lbm) : 19.21

Results

Un-Confined Explosion Summary at Height of simulation [m) 1.00

1. Cloud Radius [m): 1.47
2. Explogion Yield Factor: 0.18

. Storage tank/frameless structure damage limit [m}): 11.58
. 50% BrickWall damage distance limit [m]: 13.72

. Sheet/Panel damage limit [m]: 36.58

. Sale distance/Missile limit [m]): 141_43

. 100% Fatal distance [m]: 3.05

. 50% Fatal distance [m): 4.27

. Fatal distance limit [m): 5.79

100% Structural damage limit [m): 6.40
. 50X Structural damage limit [m]: 19.51
10. Structural damage limit [m]: 49.68

11. Ear drum damage limit [m]: 52.73

12. 100% Glass break limit [m): 2377

13. 50% Glass break limit [m]): 8534

14. Glass break limit (m): 403.25

15. Loud noise [m): 406.30

Fig-39: Report on Unconfined Explosion damages.
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| HAMS-GPS : Explosion Module

[Licensed to : HAMSAGARS] Date : Wednesday, September 15, 2010

Scenario: 1. Bullet catastrophic failure CLG puff delayed intemal ignition leading to Explosion

Probit Table and Absolute Fatality/Injury (At height of simulation

Owver %F atality Abzolute
Distance [m) Pressure [psi] Lung Rupture % Ear Drum % Structural Damage % Glass Break Area [Ha) § K
Irwert Fupture Fatality Mo, Injury Ma.
[+.267 [17.62 [1018 |[o5.73 100.00 100.00 [[0-008 o008 [o.057
6.690 6.25 0.00 54.03 97.31 100.00 0.008 0.000 0.043
9114 3.97 0.00 17.67 85.39 100.00 0.0z 0.000 0.021
11.537 3.04 0.00 9.22 60.88 100.00 0.016 0.000 0.015
13.960 2.50 0.00 .70 36.61 100.00 0.019 0.000 n.011
16.383 212 0.00 3.80 19.86 100.00 0.023 0.000 0.009
18.806 1.84 0.00 2.68 11.72 100.00 0.027 0.000 0.007
21.229 1.63 0.00 1.97 7.37 98.68 0.030 0.000 0.006
23.6562 1.46 0.00 1.50 4.87 98.04 0.034 0.000 0.005
26.076 1.32 0.00 1.17 3.35 97.20 0.038 0.000 0.004
28.499 1.20 0.00 0.94 2.38 96.13 0.042 0.000 0.004
30,922 11 0.00 0.76 1.74 94.78 0.045 0.000 0.003
33.345 1.02 0.00 0.63 13 9312 0.043 0.000 0.003
35.768 0.95 0.00 0.53 1.00 91.10 0.053 0.000 0.003
38191 0.97 0.00 0.55 1.06 91.63 0.056 0.000 0.003
40,615 0.92 0.00 0.49 0.89 011 0.060 0.000 0.003
43.038 0.88 0.00 0.44 0.76 88.44 0.064 0.000 0.003
45 461 0.85 0.00 0.40 0.65 86.59 0.067 0.000 0.003
47 884 0.82 0.00 0.36 0.56 84.57 0.071 0.000 0.003
50307 0.79 0.00 0.33 0.49 82.37 0.075 0.000 0.002
Fig-40: Report-2 on Explosion for PROBITS.
‘ HAMS-GPS : Explosion Model Date : ‘Wednesday, September 15, 2010
[Licensed to : HAMSAGARS] § io: 1. Bullet hic failure CLG puff delayed internal ignition

leading to Explosion
Fatality and Injury profile

10500

96.92 T % Fatality
83.85 T % Injuy

an 77
7289
6452
56,54
451 46
4038
1231
2423

1E.15

0.08

i 276 552 828 1104 1380 1656 1932 2208 2484 2760 3036 3312 3580 3064 4140 4416 4652 4968
Distance [m]----->

Fig-41: Explosion fatality/Injury Profile.
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HAMS-GPS : Explosion Drawing preview

File Zoom Option

[HAMS .GPS : Explosion Madel Date : Thursday. Apil 11, 2013

[Licensed to : HAMSAGARS] Scenario: 9. CLG Gas Hole in vessel Rupture Plume internal ignition lzading
to Explosion scenario
Scale:-1: 0.70m

@ P diance i ) 030

@ £ dum damage i ) .75

@ Siructuasl damage i ) 9.45

() Sisfe distance/Missle it (r): 26.04

. Glass break limit (] 76.20

Height of simulation
@Tm

Height @0

i

Ground Level

Insert drawingjSet Scale  Draw IHR Zones

[HAWS-GPS : Explosion Model ST, Sonk FL e

[Licensed to : HAMSAGARS] Scenario; 9. CLG Gas Hole in vessel Rupture Plume intenal ignition leading
to Explosion scenario

Scale:

8](

1295m

—— — = N | wefFatal dstance fmit () 030
[Ear drum damage fmit im): 3.75
[Stiuctural damage it (m}. 3.45
[Safe distance/Missie fmit [y
l2.04
[Glass break Imil (m). 76.20

Marg Day 5
Care Cenlra

o Sty Tecniks
% Ve Limited | B9
Apin

Soitth Cehi
]

Fig-43: Explosion Hazard Limits in m from Source.
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You can Plot Explosion Hazard Zones on Autocad drawing or Graphic Picture as
explained under Dispersion.

Rerunning/Editing Explosion Scenarios once done, by a shortcut method: See
under this under Dispersion and follow the same procedure.

19. Risk Assessment:

Risk Assessment is Final stage in QRA study. There are three final Risk
measures as under:

19.1 Fatality Accident Rate (FAR): is the risk of fatality to Employees
which is voluntary risk as the employees have accepted to work in the plant
having known the risks of fatality from accidents of Toxic gas dispersion, fires
and explosions. FAR is not dependent of Population Density as it assumes
1000 persons working in a factory and represents how many are at fatal risk.

FAR is defined as under:

1000 people likely to be exposed to work hazard during an active work
life of 40 years 300 days covering a single shift of 8-hours.
100,000,000 hours / (24 hrs. Per day).(365 days per year) = 11415.5
years of exposure or say 11000 years:

108 =1
FAR = woeeee. > (Fi.Ni)
HN i=n

19.2 ISO-Risk or Individual Risk: is the risk of fatality to neighboring
population. This is involuntary Risk as the neighboring population has not
accepted the Risks of the facility in whose neighborhood they live. Individual
risk is in contours showing Fatality risks in all directions around the factory
where people live. ISO-Risk is again not dependent density but only shows
the Fatality Risk Distance for each secondary risk.

19.3 FN-Curve: is the relationship between Frequency (F) and fatality
Number (N) of potential Maximum Credible Loss Scenarios (MCLS). MCLS
refers to worst accident from one facility. FN-Curve is dependent on
Population Density.

It is a Natural law that Higher Fatality accidents have a lower Frequency of
occurrence. Frequencies are computed for major leaks from vessels computed
by Frequency-magnitude relation and for Pipeline failures based on the internal
diameter per meter. In a set of frequency computations for different failure
scenarios the law of inverse relation between Frequency of failure and magnitude
of leak may not be strictly inverse relation. The Frequencies are therefore
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smoothened to conform to the inverse law. So FN-Curve is for Smoothened
Frequency (F) and Absolute Fatality Number (N).
19.4 Risk Simulation Dialog Box: Study carefully this Most Complex

Chemicals names appear on selecting Scenario Type. Select

Check box is for display of only setting Ys under each data of
Select column. File option gets enabled and can proceed further.

the chemical if you need Risk for only one chemical and
deselect both option check boxes below. If you need Risk

Menu gets enabled Y]
on Success onlv

assessment for all Chemicals, click “Show all Records”
check box. Click on “Show selected Records” displays only
srne of Organization: |Myl:o Y under Select COlumn

Select Scenario

Selected Reference Mo.: LMG - .
X lick on Check Box to
plozion
(]

Type for Risk Ass. Ciine:Fonner ﬂ PR ok e T ]|~ | display ISO-Conc. and Select
Ethyl Tercantan e Contours :Z ny one here to Map ISO-
Check bOX fOr dlsplay ava HEDC‘;‘,dS /ﬁ? Enter Population ™ COHC. DlSpCI'SlOIl fOI‘ all
of all Ys and Xs under = cErsliiftectas - Scenarios Selected
Select column TP pneetectal Edit Ponulation Densitv
. | .
| Summary of the Results of MCAS Conseqdl Y OU MUST cither delete or mark Unselect X
Check Box for Fatality | all Scenarios having Zero FAR values;
_ elect Failure Ho. |Fatality |Y-Cord | Injury | i 1 1
Un SeleCt nter [ Scenario Causes Frequency of (X-Cord |[Half R-Cord Otherwise Error comes in Computmg Total
or per Year Case|[m] width] |[m] To Total - per year
/Select al hours of Population
Scenarios ) Caompute (m) (m) Exposzure density
b Y\ 1. CLG Liguid Main Pipe les Guilloting rupture of § - 4.488E-10 1 379086 | 3790.86 8535.38 EBEE.36 |0.0000005 |0.0379 846396069 5.ER0E-09 =
Al 1. CLG Liquid Main Pipe rug Guillotine rupture of § 4. 708E-10 1 [1218.47 | 1218.47 /110,97 [2110.97 |0.0000005 |0.0379 87411238 5 E50E-09
3 1. CLG Liguid Main Pipe rug] Guillotine rupture of | 4.08E-10 1 [1218.47 | 1218.47°| 2110.97 |2110.97 |0.0000005 |0.0379 87411238 5 B50E-03
SeleCt s l/‘ELG Liquid Fipe leak Ond Guilloting rupture of g 4.908E-10 1 344924 18!3 23197.34 90292 |0.0000000 |0.0030 26.48280 5.ER0E-09
Scenario to — T I7 | |4 CLG Liquid Fipe leak On{ Guilotine wupture of | 4 908E-10 1 (135125 | 14374 | 799991 |[§963 00000001 |DO046 1357430 5 BGOE-09
. ¢ | [10. Flash Vaporization of e« Tank integrity failure | 5.]44E-07 1 | 83641 | 5615 | 2901.37 (17211 |0.0001512 |11.6820 760550 3GOTE-06
view full text | |2 CLG Bullet Rupture mawif Bullet intearity failure| 5.1 #4E-07 1 | 907.49 | 4879 | 610746 |271.65 |0.0000429 |3.3148 208808 3E01E-06
here \ 2. CLG Bullet Rupture maxil Bullst intedrity failure) 5] 44E-07 1 388.91 5305 | 230285 (22019 |0.0000654 |5.0839 1.48347 3.E01E-06
¢ | |4 CLG Gas Pipe Rupture J{ Guillotine rupturs of | 4.F02E-10 1 208 208 FEEEE] 0.0000005 | 0.0408 0.27683 3EOTE-0E
DB-Click and | [3. CLG Bullet Cryogenic Lig Bullet integrity failure] 51 44E-07 1 | 1087 | 1087 | 1937 (1937 |000050B2 |33.1162 0.06576 3E01E-06 -
- 1
Change Y to X N \ ToTaC P 2018E-94 12 0.001294  100.00 10264.43
to Manuall %3_ CBilet Cryogenic Liquid flash fire REI [Risk Bas.ed Investigation) Matriz
Incalont y Severity Chance SILALOP Exit
1 - Safe >|[1-5ate | [ HA

After\setting all the requirements as above, Click [Compute] Button and if Computation is successful,
the File option on Main Menu gets|Enabled as mentioned on Top Left Text Box in Red Alphabets
otherwise, if Computation is un-sucg¢essful, the Computation stops, gives an Error Message and
stops at Error Scenario. Then Yoy MUST EITHER MARK IT AS X OR DELETE IT by
pressing [Delete] Button or Click [Compute] Button in Frequency Column and Change Zero
values. Then Click this small [Compute] Button to Edit Frequency or Delete Error Scenario.
[Compute] again if there is Error again, Computation again stops and action to mark as X, Edit
Frequency or delete required till all errors are removed and Computation is Successful. Now the File
option on main menu may be clicked to open Risk Simulation Options. Select the required Risk option
and you get the Output. Following Options are available for Risk Simulation.

Print Preview

FN-Curve Preview (Cum. Frq Vs. Abs. Ftl)
FN-Curve Preview (Abs. Ftl)

FN-Curve Preview (% Ftl)

F Vs Dist-Curve Preview

DT 42

Dialog Box.

RBI-Matrix: Select Each Scenario and open RBI-matrix Combo Box on
“Severity” and Select one of the 5-Options for Severity namely: 1. Safe, 2.
Low, 3. Medium, 4. Medium High, 5. High. Then open “Chance” Combo Box
and Select corresponding one of the 5-Options. Note, if Severity is Safe,
then Chance has to be Safe. For Industrial Severity-Chance, High Severity
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and High Chance is not present and should be avoided. Both Severity and
Chance are High only in Adventure Sports.

Fig.-44: Risk Assessment Dialog Box (The Most Complex Dialog Box).

This is a Complex Dialog Box and very detailed Instructions are Provided in it.
Carefully study the text boxes in the above diagram of “Risk Assessment”
Dialog Box. Normally you need Risk Assessment for all Selected Scenarios. So
Select Check Box Option “Show Selected Records” and click [Compute]
button. The number of cases, Cumulative FAR and % FAR Contribution column
totals get computed for all Selected Records and “File” option from Main Menu
gets enabled. You can open “File” Option and Select any Sub-option required
and proceed further. Note: You can proceed further in QRA-Options only for all
“Selected Scenarios” and NOT For individual Chemical Scenarios although
you can just view the results in the above dialog box for selected chemical.
So for enabling “File” option from Main Menu and to proceed further
always check only “Show Selected Records” Check box.

Important Note for Printing Risk Assessment Summary: It is required to Printer page
Setup as landscape before Print Preview option is selected from File->Print Preview. If
this is not done Error Message Comes to Setup Print page to Landscape. To Setup Print
Page to note, the Print Preview is available only in PDF-File Format. So you must go to
Start->Control Panel->Printers and Other hardware->Printers and faxes->Adobe PDF-
>Printer option from Main Menu->Properties->Printing Preferences->General Tab-
>Printing Preferences->Layout tab->Click landscape radio Button->PDF page Size set
A4->Adobe PDF Settings Tab->Adobe PDF page Size->Set A4->Apply->[OK}. Now you
can Select from File Menu->'""Print Preview" option and your Risk Assessment
Summary gets Print preview displayed.

19.5 Risk Assessment Dialog Box Showing LNG-Fire Scenarios Data and
File Munu Items:

2 Bl
Mame of Organization: |M.VCD
e Select Concentiation Zones for Plobi
Selected Reference Mo.: LMG (e L S P s el A
—
Digpersion Chlorine-T onner - Show selected Check ta map 150 L
E xplazion Coal j v records [ Risk Dizpersion :l
Ethyl mercaptan Contours v
Lawva 1 r Show All R B
=1 d ’_ nter Population
LPG ﬂ seors 12 density /Hectare F
W Unselect Al
Summary of the Results of MCAS Conzequences
. “ Cumulative Absolute Fit
: : F atality . Injury FAR Fatality ==
Select Failure Ho. |Fatality (Y-Cord |Injury Y-Cord Fatalit % FAR Number for Smoothened
[Enter | Scenario Causzes Frequency of X-Cord |[Half X-Cord |[Half Per 10&8 Contribution 45 7 Hectare frequency
> or per Year Case| [m] width] |[m] width] Rt to Total Population per year
) (m] (m] E xposure density
b Y 1. CLG Liquid Main Pipe les Guillotine rupture of - 4. 705E 31N 1 3 B 85 | BF B! 5| 0.0000005 | 0.0022 a. 9 | 2.080E-02
i £. CLG Tank rupture Flash | Tank integrity failure | B.144E-07 N | 2925.82 .82 | 6078, G079.82 |0.0005333 [24247 5018, 0 3.292E-05
i B. CLG Tank rupture Flash ) Tank intearity failure|  5.744E-07 1 NQ926.82 | 292582 | BOVS.82 |5073.82 |0.0005333  |2.4247 5018.40610 3.292E-05
7 1. Cylinders on site catastro| Cylinders integrity faill  5.144E-07 1 SERS(E 46235 (12091.22 |598.37 0.0003234  |(4.2256 427326632 3.292E-05
I 1. CLG Liquid Main Pipe g Guillotine rupture of - 4.708E-10 1 1218.47N1218.47 | 2110.97 [2110.97 [0.0000005 |0.0022 87411238 3.292E-05
i 1. CLG Liquid Main Pipe mig Guilloting rupture of . 4.708E-10 1 121847 [ 120647 | 2110.57 [2110.97 |0.0000005 |0.0022 87411238 3.292E-05
i 1. open Tank Flash vaporiz| Bullet intearity failure| — 5.144E-07 3 | 1656.83 | 10228\ 223586 [1335 0.0027381  |12.4495 170.03406 3.292E-05
i 1. Bullet catastrophic failure Bullet intearity failure| — 5.144E-07 1 15025 93.66 | JDSQES (12217 |0.0009142 |4.1565 14141705 3.292E-05
¢ 3. CLG Cylinders on site Crd Cylinders intearity fail] — 5.144E-07 1 45489 | 45453 | 7E7.AON7E7.69 |0.0005358 |Z4364 121.88353 3.292E-05
¢ 3. CLG Cylinders on zite Crd Cylinders intearity fail] — 5.144E-07 1 45489 | 45489 | 78789 |7PRgI  [0.0005358 24364 121.88953 3.292E-05 -
TOTAL < 1.000E-300 65 021994 100.00 25323.204

REBl [Rizk Bazed Investigation] Matrix

| [1. CLG Liquid Main Pipe leak free spread Pool fire -
Severity Chance SILALOP | _ Exit
j |2 - Low

|3 - Mediurm ﬂ 1

TRt R T R e SSRCES T = =3 e R e T TS Ty e A e = g
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19.6

ISO-Concentration Dispersion Simulation for LNG-Scenarios:

=] &3]
Mame of Organization: |Myl:o
Coleeted Bareeree N NG Select Concentration Zones for Plotting
[T UEL: 150000 pprn [Digt. 821.7 m]
Ehlolnne-T ORREr - I Show selected w Ehid[; tomap IS0 [ LEL:: 50000 pprn [Digt. 1690.65 rm]
F Wl ristepia el A i W TEEL3ADLH:: 15000 ppr [Dist. 344924 m]
Laval Show All T [ TEELZ: 3000 ppm [Dist. 8545.28 m]
=1 o nter Population 2
= e Clen
V¥ Unselect all - ppm [Dist 34 m]
5 of the Besults of MCAS C
: : Cumulative Absolute
Fatality Injury AR Fatality
Select Failure No Fatality |Y-Cord |Injury Y-Cord Fatalit * FAR Nibasfor Smoothened
[Enter | Scenario Causes Frequency of X-Cord |[[Half X-Cord |[[Half Per 1 I]!‘B Contribution 45 7 Hectare frequency
X or per Year Case| [m] width] [m] width] [ to Total Population per year
Tl Compute (m) (m) Exposzure density
b | 4 CLG Liguid Pipe leak Ori Guillotine rupture of [ 1
[ 1. Flazh Vaporization of Cor T ank integrity failure 2.965E-05 1 1114.97 7275 386692 (2229 0.0001513 13.48929 3.292E-05
v 2. CLG Bullet Rupture masin Bullet integrity failure|  2.965E-05 1 07,49 4879 | B107.46 |271.65  |[0.0000423 2.08808 3.252E-05
r 10. Flash Waporization of ex Tank intedrity failure|  2.985E-05 1 83641 5615 | 2801.37 [172.11 0.0001512 7.80850 3.292E-05
TOTAL < 1.000E-300 65 0.021994 100.00 265323.204
|l+. cLG Liquid Pipe leak Dne Min. Rapid FEIl [Risk Bas_ed Investigation] kdatrix
Vaporization of Cryogenic Liquid Pool (SMOD-37 Severity Chance SILALOP Exit
Pool dispersion DF) |3 “Medium j |2 “Low j 7

Fig.-45.2: Risk assessment Dialog Box Showing ISO-Risk Dispersion
Simulation Data Displayed.

19.7 Print preview of Risk Assessment Output:

HAMS-GPS : Risk Assessment For - MyCo

[Licensed to : IISER]

Date : Sunday, June 15, 2014

su

mimary of the Results of the MCASMCLS Consequences:

Note: The Risk
Assessment

[ Scenario: [ Causes: |Failure Fre(|ueni| Ho. Fatality Fatality [njury X-Cord|jnjury Y-Cord| Cumulative % FAR Probable Output is in
PerVear: Case: |M-Cord {m}|[Y-Cord {Half m {Half width) | FAR Fatality ontribution || Absolute
width) {m m er 1048 hours||  to Total Fatality Landscape and
of Exposure Humber for
45 [Hectare to enable
Population . .
densi Printing, you
Reference No.:  Chlorine-Tonner Scenario:  Dispersion have to g0 to
& 1. CLG Tank ruptare Eankintegrity I 5i48e07 [ 1 ][ 181040 || 11026 || 65821 | 48602 | nooooser | oaiz2azs || 1507008 [na]| Control Panel->
Flash vaporization ailure . .
orming Gag Cloud D Printer-> Print
% |2. GLG Tank ruptare Eankintegrity T_5i44E-07 [ 1 [ 48565 [ 2838 [[ 505586 [[ 218.03 [[ 0.0000204 [[ 0082841 | 031575 [[NA >
tee spread Liguid ailure Preferences
Pool one Min. Rapid Layout-> Land
aporization of
Cryogenic D scape->Apply->
& |1 CLG Tarkrupiare |[Tankintegrity || 5144E-07 ] 1 | 44540 ]| 79.06 ]| 1397.23 ]| 207.87 ]| 0.0001847 || 0.665131 ]| 7.54065 [NA | K
Flash Vaporization ailure (0)
arming Gag Cloud A
Reference No.: Chlorine-Tonner Scenario: Explosion
# [ Tank Mechanical ankintegrity | 5144607 L 1 [ 640 | 640 [ AOGE ][ BORE ][ 00000178 [ 0081361 J[ 0.00087 [NA
Explosion scenario ailure
SPH Tank
Reference No.: Coal Scenario: Explosion
Dostcloud || 1.000E-05 | 1 ][ 335 || 335 ][ 3139 | 31.39 || 0.0003558 |[ 1.615300 ][ 000023 J[NA |
explosion
Dostcloud || 1.000E-05 ] 1 335 || 335 ]| 2826 || =28.26 || 00004096 || 1.662466 ]| 0.00026 ] MNA |
explosion |
Reference No.: Ethyl mercaptan Scenario: Dispersion

Fig.-45.3: Print Preview of Risk Assessment output.




61

19.8 Print Preview of Individual Risk or ISO-Risk:

To Run Individual Risk also called ISO-Risk, File->Individual Risk. You will get
Individual Risk dialog as below:

= ]|

Mame of Organization: |Hyl:o
s i1

[z Select Concentration Zones for Plotting

™ UEL: 150000 ppr [Dist. 881.7 ]

iehlorine: Tonner | | Showselected | _ Check lomap 50 I LEL: 50000 ppr [Dist. 169065

Coal ﬂ 4 records [ Risk Dispersion m P (D ; ]

Ethyl mercaptan Contours Iv TEEL3ADLH:: 15000 pprn [Dist 344324 m]
Lava 1 [~ Show Al [~ TEELZ: 3000 ppm [Dist. 8945.28 m]

Records a5 Enier Populstion I~ TEEL1: 2000 ppm [Dist. 11372 47 m]
density Hectare
[ TEELG: 500 ppm [Dist. 23197.34 m]

Selected Reference Mo LNG

I Unselect all

5 of the Results of MCAS C
. - Cumulative Abszolute
Fatality Injury FAR Fatalit
Select Failure No. |Fatality |Y-Cord |Injury |¥-Cord B FAR y Smoocthened
» F atality il Number for
[Enter | Scenario Causes Frequency of X-Cord |[Half X-Cord |[Half v Contribution frequency
5 2 Per 10°8 45 / Hectare
Xor per Year Case|[m) width] |[m] width) to Total - per year
¥ hours of Population
] Compute (m] [m) Exposure density
b7 4. CLG Liquid Pipe leak Onf Guilloting rupturs of g 4.708E-10 1 | 344924 | 16243 |23197.34 (902,92  |0.0000000 |0.0002 26.48280 3292E 05
¢ 1. Flashaporization of Cor| Tank intedrity faiure|  2.985E-05 1 | 111457 | 7275 | 386682 (2229 0000513 |0ES7E 13.48323 3.292E-05
¢ 2 CLG Bullet Rupture maxi| Bullet integrity falure|  2.955E-05 1 90749 | 4879 | 610746 [271.65  |0.0000429 |0.1951 208808 3.292E-05
3 10. Flagh ¥ aporization of ex Tank integrity failure|  2.985E-05 1 364 BE15 | 2901.37 17211 [0.0001512 06874 7.80550 3.292E-05
TOTAL < 1.000E-300 §5 0.021994 100.00 25323.204
4. CLG Liquid Pipe leak One Min. Rapid REI [Risk Eased Investigation] Matrix
Vaporization of Cryogenic Liquid Pool (SHOD-37 Severity Chance SILAOP _ Exit
Pool dispersion DF) | J | J

Fig-46: Individual Risk Dialog Box

Individual Risk data requires Wind Prevalence in 8-orientations as shown and
Wind Prevalence data needs to be added.. To see Print Preview File->Print
Preview. You will see the Print Preview. You can print using Print command on
Print Preview page by clicking the Printer Icon on LHS-Top of Print Preview. IMP-
NOTE: If Wind data is not available, then an error message box comes for
entering wind data. Enter wind data and proceed further.

19.9 Plotting Individual Risk Contours on Autocad Drawing:
Procedure is same as done for Dispersion Graph Plotting.

Click on [Map Risk contours] Button->Mapping option dialog displayed->Click
[Open Autocad Drawing] button->Select your Autocad Drawing and double
click-> Autocad drawing opens->From Mapping Option dialog Click on [Set
Source point] button->click on Autocad Drawing at the appropriate point where
the Individual Risk Contours are to be plotted. You will get the following mapping
of Individual Risk Contours. Note: If the Graph is too small or too large, you
Select Size adjustment curser (Magnifying Glass) and drag curser up or down to
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adjust size as required. Following is an size adjusted Graph of Explosion on
AutoCAD Drawing:

o Innermost
curves are
magnified
and shown

o below

>

=)

Fig-47: ISO-Risk Contours on AutoCad Drawing.

19.10 Plotting ISO-Concentration Dispersion Graphs for LNG-Scenarios:

[HAMS_GPS : Dispersion ISO.Concentration mapping
[Licensed to : HAMSAGARS]

Scale:-1:-191.32 m

1_Reference Mo LNG
R il 2. Concentration Level :

e a7 g % TEEL3/IDLH:: 15000 ppm

Source poink — —— 3641 114,97 m [Dist. 344924 m]




Fig.-47.1: ISO-Risk Dispersion Maps of LNG-Release Scenarios.
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A magnified view of Individual-Risk contours shows the innermost curves
as given below:

4

Fig-48: Magnified view of Risk Counters.

Note, some curves are perfectly circular while others are deformed curves. The
perfect circles are for Fires and explosions that are not affected by wind while the
dispersions are affected by wind and wind prevalence being different in different
orientations, the dispersion ISO-Risk counters get deformed. In the directions of
wind the Risk distance is less. In the Autocad drawing, the counters are
smoothened while in the Graphic diagram, there is no smoothening as is
depicted in the same ISO-Risk counters plotted on a graphic diagram as shown
below:



& HAMS-GPS : IHR Mapping preview

File Insert drawingiSet Scale Draw IHR Zones

I HAMS-GPS : Fire Model Date: Thursday, April 11, 2013
[Licensed to - HAMSAGARS] Scenario: 1. CLE Liquid Main Pipe rupture Cryogenic Liquid Pool Fire

Scale:-1:3.34m
o il [~ ]

12.51HR [K'w/m2] for First

| sopleth :

v 12.5 HR [Kw'/m2] for Second
‘I | sopleth :

i 1IG Flats 12,5 [HR [Kiw//m2] forThird
| zopleth :

4 IHR (KWw4m2) for Fourth lsoplet

1.6 IHR (KM /m2] for Fifth [sopleth)

LU ’M)’ Kitchen

Y
e s " Private Limited _ B-9 Vasa
i oy, Aparimer il
s
q@‘jr
i
s,

Scuith ekhi
il

Soith Delhi

Fig-49: Risk-Contour Mapping on Goggle Map.
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19.11 Print Preview of FN-Curve:

To Run FN-Curve go to File->FN-Curve. You will get the following diagram
displayed:

| HAMS-GPS : Risk Assessment Simulations (FN Curve- Smoothened Frequency) Date : Thursday. September 16. 2010
[Licensed to : HAMSAGARS]

Scale: Log Scale

It Fri-Curve ies above RED line :
INTORAELE RISK REGION

i
It Fri-Curve lies between RED and

Orange line : UMJUSTIFIABLE RISK
REGIOM

If Fr-Curve lies behween Orange and
Green line : ACCEPTABLE RISK
REGION

g

If Frn-Curve lies between Green and
Elue line : NEGLIGIBLE RISK

—— Fr-Curve

=

2

Fq/¥'r

; | I I
1 I I
Number of Fatality--> 1 10 100 1000 10000

Fig-50: FN-Curve.

You will notice that Frequency (F) is on Y-Axis and Fatality Number (N) is on X-
Axis. There are 4-diagonal lines in Red, Orange Green and Dark Green forming
5-zones of acceptability of FN-points. Top zone above Red is intolerable zone.
Between Red and Orange lines is Unjustifiable Risk and needs reduction.
Between Orange and Green is Acceptable Risk. Between Green and Dark Green
is Negligible Risk and below Dark Green Very low Risk.

20. ALARP:

ALARRP is short for “At Least As Low as Practicle”. This is an UK Model from
Health and Safety Executive (HSE( for acceptability of Risk to Employees and
neighboring population. ALARP is now integrated in the Advanced Risk
Assessment System.

To Run ALARP from Advanced Risk Assessment Software, Select Risk
Assessment option. Click [Start Risk Assessment Simulations] Button. Check
Records by Click on [Show All Records] Check Box. Either delete or Deselect
by typing X all Scenarios having zero FAR Values. These will cause error in
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computation. After ensuring that there are no Scenarios having Zero FAR
Values, Further you may Deselect also

One of those Scenarios having Values matching up to 2-D-ecimel Places as
these would clutter in the ALARP Graphic Display. Once these are done, Click on
[Show Selected Records] Check Box and the [Show All Records] Check Box
Gets Unselected autonmatically. Now Click on [Compute] Button. See the
Cputed value of Total FAR. Now Click on Main “Menu File” Option Select
“ALARP”. You will find yje following ALARP Diagram showing in 4-Colours the
complete range of FAR Scale from 0 at the bottom of the inverted Tnriangle till
100 at the Top. The 4-Colours are Light Blue from 0-10 (The Range of Chemical
Ibndustry FAR Range, followed by Green fom 10-25 (The Range of Oil/Gas Well
Drilling FAR, followed by Straw Coloured zone (The Range of Road accidents by
Cycling, followed by the last zone in Red Colour (Unacceptable Zone for all).

Normally you will find, all FAR Values generally fall in the small lowermost Light
Blue Zone of FAR Range from 0-10 and your Scenarios would be Cluttered at
almost just at or little above 0-Point of the scale frpm 0-100. It is necessary to
Zoom-in the ALARP Diagram to see distinctly the Positions of the Top 4-FAR
positions. For this, you have to Click “Zoom” option fnrom Main Menu FAR-
Zones visible. You will find a thin [Slider Bar] visible at the Top. Click on the
[Slider bar] to set Focus on it. Then Hold [UP-Arrow Key] lightly Pressed. You
will find, the upper portions gradually move out and-Values in the Zones
Enlarged and the scale also changes. Finally a small lowest part of the Light Blue
Lowest zone is left in the Scale of 0-0.1 and you will see the Top 4-FAR value
Scenarpo’s Positions clearly displayed showing their exact positions in the
ALARP Diagram. If you want ALARP Diagram for next Lower FAR Values,
Unselect the Top-4 FAR Scenarioa and rerun, you will see ALARP for these. You
may use any of ALARP views from 0-100 scale to 0-0.1 Scale and Print it or
prepare a PDF-File and use it in your Reports. You may also Specifically Select
any 4-Scenarios of interest after Unselecting all by Clicking on [Unselect all]
Check Box and Individually Selecting any 4-Scenarios of your Choice and
Recompute and Rerun ALARP .You can have any number of useful ALARP
Diagrams as needed. To Zoom-out simply Press the [Down Arrow Key]. You
can also use [Left], [Right], [Page UP], [Page DOWN] Keys as well to do
Zooming.
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FAR [10°8) His of exposute.

10000
Ikt abie 15 Blkwrrrrrerererrrmrmrereees L

30,00
Actual Fload Accident in cyeling (78]’ 3
Actual to 01 and Gas wel drling empl [12 - 25}
‘Actual to chemcal industries [5- 8.5}

G remsmimmmmsmssas . Elot ShigthcimminiendBc a5 Rl BRI Fspevsion O FAR- 0.0022

Fig-51: Full ALARP Scale view showing 4-Distinct FAR Zones
Ranging from 0-100.

FAR [10°8] Hrs of exposure,
010

[ 008

ization of Compressed Liquefied Gas Tank Fire ball FAR- 0.0617

-------------- 2. CLG Bullet Rupture masimum Pool one min. rapid evaporation D FAR- 0.0137

Actual lo chemical industies employees (5 - B.5) ? 1. CLG Tank rupture Flash Vaporization forming Gas Cloud -F FAR- 0.0079

4, CLG Liguid Pipe leak One Min. Rapid Vaporzation of Cryogenic Liquid Pool dispersion 0 FAR- 0.0022

Fig-52: Fully Zoomed-in ALARP Scale view showing Top 4-FAR Scenarios
in a FAR-Scale of 0-0.1
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21. Manage Your Study Files and Backup database Files Option:

Click the [Manage Your Study Files/Backup database Files] List Box whereby
the
following Dialog Box Appears:

HAMSAGARS
_.. i I_-éAM-S_-“GPS : EHS Squ.ﬁ‘m_'e_'

s ':-.l' BN R T P TARL P TV Y L 1

| Folder/Project M ame || Filz Mame File type
_f kyCo

. Open Back-up
databasze files

Fig-53: Manage Your Study Files/Backup database Files Dialog Box.

To create a Folder/Project name, Click on [Create new floder] button when the
following Dialog Box appears. You can Click [Floder/Project name] Check Box
and Change Text1 to name of your Folder.Project name. We have done this with
MyCo and clicked [Create] Button. This Project has appeared in the dialog
above.

Fig-54: Folder/File Creation Dialog Box.
Similarly, Click [File Name] Check Box and add a File Name and Click
Create.

To backup Database Files, Click on [Open backup Database Files] Button. The
following Dialog Box appears.
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HAMSAGARS
_ BAMS-GPS: EHS $af£'~i"eare'

Select Files to back-up
| [ Project Files

O sccident Analysis Module | = r.,.:|_.r. projects
| O EMS Review Module || =3 hamsgpsmodule VE
| O Fire Analyziz Maodule | A 3
| O HAZOP Study Module |
|| O Industrial work Hygiene inde |
| (] OHSMS Evaluation Module |

Open Manage vour
shudy filez

Fig-55: Open backup Database Files Dialog Box.

To backup Consultancy Files, Click [Back-up Consultancy files] Check Box
when, the next Check Box and its Text disappears, the [Back-up] Button
enables, and the newly created Project MyCo appears. If you have created more
Projects all these appear. Click the [Check] box to Back-up.
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HAMSAGARS
_ HAMS-GPS,: EHS SoftWara’

RN AT LA VLI 'l"l-';

Select Folder/Project to back-up || &2 d: [E]
| B MyCo ETR

1 ReqFiles
tmp

| Open Manage pour
shudy files

Fig-56: Consultancy File Back-up Dialog Box.

Now select the Folder where you want to Back-up this Consultancy Files.
Naturally, you must first create a Folder named [MyCo-Back-ups]. Select this
folder and your MyCo Project Files get backed up.

To Check and Restore back-up files, first Uncheck the [Back-up Consultancy
Files] Check Box, whereby the other Check Box below that disappeared on
Clicking [Back-up Consultancy Files] Check Box, reappears. Now Check the
[Check to Restore.......... ] Check Box whereby the upper Check Box disappears
and the following Dialog Box appears:
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HAMSAGARS
X ﬂnm-s_--eps : EHS SoftWare)
- . | _n' o .

Tt e e e e o v

&= Adv Fire

firpic
[ RegFiles
[ tmp

Festore back-up
files

Fig-57: Check to Restore back-up files Dialog Box.
If you had any Back-up files these will appear in the Yellow [List Box]. You can
Check the [Check Box] open and check and if required restore your back files
by Selecting the particular Backed up file.

Your Project manahement becomes very handy using this Unique Facility not
available in any HSE-Software.

22. Comparison between FAR, ISO-Risk, FN-Curve and ALARP:

FAR Risk of fatality to Employees during lifetime work from 20 yrs to 60
years. It is independent of Population density as it is for employees
over 11000 years.

ISO-Risk Fatality Risk Contours in 16-orientations does not depend on
Population density. It shows for each scenario, the Fatality risk to
neighboring population.

FN-Curve Is relationship between Smoothened Frequency and Absoluty Fatality
number and is dependent on Population density.

ALARP Is acceptability of Risk to employees and neighboring population.

Note FN-Curve may show unacceptable scenarios whileALARP shows

same scenarios acceptable. This is because, the for high
smoothened frequencies, the absolute fatality based on population
density, may not be acceptable while in ALARP, the FAR values
show acceptable fatality risk to employees based on life time service
of 40 years. The unacceptable FN-Curve scenarios shows that for the
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available population density, it is necessary to reduce frequency of
unacceptable scenarios or reduce populatuion around.

23 Summary of Advanced QRA Procedure:
Sr. | Stepin Procedure
No. | Advanced QRA
1. Add new Click [Add]->Enter chemical name in top Text box-
chemical >0Open each combo box below select chemical
property->Enter Physical and chemical properties in
white Text boxes-> Enter Storage conditions in Green
Text boxes-> Click Home icon to finish adding new
chemical.
2. Update existing Open existing chemical->Enter Storage conditions
Chemical data specific to your plant for the chemical in the Green Text
boxes.
3. Scenario Select the chemical->Click on [Develop Scenario]-
development for | >Click on Print Preview.
selected
chemical.
4. Creating New Click on [Risk Assessment Studies]->Double Click
Organization. “‘Advanced QRA Module” from List Bix->Select
Organization Dialog opens->Select and existing
organization or Click [New Orgn.] button and Enter a
new organization name-> Click inside New
Organization List Box-Organization name disappears
from Text box this completes creation of New
Organization.
5. Starting After selecting Organization and name of selected
Advanced QRA organization appears in the Text box click on [Open
QRA] Button->QRA-Dialog appears-> Click on [Get
Chemical Data] button->Select chemical from “Select
Chemical Name” Combo box of “Select Chaemical”
Dialog->Click [Get Data] button->data is displayed if
data is extered in the chemical data base. If data is
partial or not there, then Enter data here-> Click on
[Insert data] button->Click Exit button-> Data gets
entered in the QRA Dialog box.
6. Running Select Reference No. from Lust Box and see that the
Dispersion selected Reference No. appears in the Text box just

above. And Chemical properties from data base
appear in the Text bix below-> Click on Dispersion in
the “Select Scenario” List box on the RHS.->Primary
and secondary Scenarios appear-> Select the first
Scenario or any other if you like->Click on [Do SMOD
for Dispersion Simulation] Button->:"Some more data
required” dialog appears->Open combo on “Some
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More Chemical Data” and select LNG->More LNG data
Required appears->Click [Compute] Button]-> SMOD
gets Computed and results appear in the yellow Text
boxes below->Click on [Start Dispersion
Simulation/Redo SMOD] button->Click [YES] button to
Run Dispersion-Dispersion dialog appears  ->Click
on [Compute Maximum Concentration] button. Note
the maximum concentration-> Claick on [Get
Concentration (ppm) button->Concentrations appear if
entered in the data base. Otherwise enter as required.
Note concentrations to be less than the Maximum
concentration. If Concentrations exceed maximum,
reduce about 10% below the maximum->Change titles
of Concentration levels if required->Click on [Compute
at Given Concentration]->Dispersion results appear. If
End points of Isopleths exceed, Error message
showing End Point exceeds 10000 m. You may try
changing “Maximum distance for simulation” in the
Text box up to 50000 m. Still if any Isopleth end points
exceed even 50000 m, then you need to reduce
quantity released. This is obly possible by reducing
storage qyantity and size of main piping.

Generating
Reports

Once dispersion simulation is over open reports
Combo Box and select repuired Report and required
Report appears. Foar Plotting hazard Zones option of
Report you have follow steps for mapping hazard
zones.

Fire and
Explosion
Simulations

These are very similar to dispersion simulation and
specific differences may be seen in the detailed
descriptions in the Detailed help above.

Risk assessment

“Click on Risk Assessment” option in the “Select
Scenario” List box->Click on [Start Risk Assessment
Simulations] Button->Risk Assessment dialog
appears.-> Click on Show all Check box. All scenarios
run get displayed. Check any unselected Scenarios X
marked and Select it and press Y Key or Deselect any
scenarion by changing Y to X. -> Click on “Show
Selected scenarios” Check box->Click on [Compute]
button->open from “File” option from main menu FN-
Curve and ISO Risk and for these Risk simulations.

10.

ALARP

Select “ALARP Comparison Module” from “Other Inter
Related Study” option in Main Menu->Fill in the Top 5-
FAR Scenarios and their % Contribution and click
[Compute] button->Click [OK] button-> ALARP
Diagram gets displayed.




75

24. Conclusions:

The above Help on Advanced Risk Assessment gives a comprehensive
instructions of all Modules in Advanced Risk Assessment in a very easy to
understand and executive. All input data Dialogs and outputs and reports are
illustrated. It is hoped that users of HAMS-GPS users shall have and entertaining
and educutive sessions with the Software.
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25. TEEL Values for some common chemicals:
APPENDIX-1
No Chemical CASRN | TEEL-0 | TEEL-1| TEEL-2 |TEEL-3| UNITS
1. |Acetaldehvde 75-07-0 10 10 200 1000 pom
2. |Acetic acid 64-19-7 5 5 35 250 ppm
3. |Acetic Anhvdride 108-24-7 5 5 5 200 ppm
4. |Acetone 67-64-1 200 200 3200 5700 ppm
5. |Acetonitrile 75-05-8 40 60 60 500 ppm
6. |Acetvlene 74-86-2 2500 2500 2500 6000 ppm
7. |Acrolein 107-02-8 0.03 0.03 0.1 1.4 ppm
8. |Acrylonitrile 107-131 2 10 35 75 ppm
9. |Alcohols. C6-C12 (N.O.S.) 68603-15-6 10 30 50 250 | ma/m3
10 |Alkylbenzene (C10-C16) 68648-87-3 10 30 50 500 | ma/m3
11. |Allyl alcohol 107-18-6 2 2.1 4.2 20 ppm
12. |Ammonia 7664-41-7 25 30 160 1100 ppm
13. |Aniline 62-53-3 5 8 12.5 20 ppm
14. |Anthracene 120-12-7 1.5 4 30 150 | ma/m3
15. |Aaua reqia (75% hydrochloric + 25% nitric | 8007-56-5 0.85 1.6 18 94.5 ppm
16. |Aromatic hvdrocarbon solvents: (High 64742-95-6 500 750 750 750 pom
17. |Arsine 7784-42-1 0.05 0.05 0.17 0.5 ppm
18. |Asbestos 1332-21-4 | 0.005 0.5 0.5 2.5 | ma/m3
19. |Asbestos (Chrysotile) 12001-29-5| 0.005 0.5 50 250 | ma/m3
20. |Benzene 71-43-2 1 50 150 1000 ppm
21. |Bromine 7726-95-6 | 0.033 | 0.033 0.25 8.5 ppm
22. |Butane 106-97-8 800 2400 4000 19000 | ppm
23. |Carbon dioxide 124-38-9 5000 | 30000 | 30000 | 40000 | ppm
24. |Carbon disulfide 75-15-0 4 4 160 480 pom
25. |Carbon monoxide 630-08-0 50 83 83 330 pom
26. |Carbon tetrachloride 56-23-5 10 44 190 520 pom
27. |Chlorine 7782-50-5 0.5 0.5 2 20 ppm
28. |Chlorine dioxide 10049-04-4 0.1 0.15 1.1 2.4 ppm
29. |Chloroacetic acid; (Monochloroacetic 79-11-8 0.5 1.5 6.6 20 ppm
30. [Chloroform 67-66-3 2 2 64 3200 ppm
31. |Chlorosulfonic acid; (Chlorosulfuric 7790-94-5 1.43 2 10 30 ma/m3
32. |[Ethvlene oxide; (Oxirane) 75-21-8 1 5 45 200 ppom
33. |[Fluorine 7782-41-4 0.1 1.7 5 13 pom
34. [Formaldehyde 50-00-0 0.3 1 10 25 ppm
35. [Formic acid 64-18-6 5 10 10 30 ppm
36. [Hvdriodic acid: (Hvdrogen iodide) 10034-85-2| 0.035 0.1 0.5 5 ppm
37. |[Hvdrobromic acid: (Hvdrogen bromide) 10035-10-6 3 3 3 30 ppm
38. [Hvdroagen 1333-74-0 | 60000 | 145000 | 280000 |500000| ppm
39. [Hydrogen chloride; (Hydrochloric acid) | 7647-01-0 0.5 1.8 22 100 ppm
40. |Hydrogen cyanide; (Hydrocyanic acid) 74-90-8 2 2 71 15 ppm
41. |Hydrogen fluoride; (Hydrofluoric acid) | 7664-39-3 1 1 24 44 ppm
42. |Hydrogen peroxide 7722-84-1 1 10 50 100 ppm
43. |Hydrogen sulfide 7783-06-4 0.51 0.51 27 50 ppm
44. |lodic acid 7782-68-5 | 0.125 | 0.125 0.125 2.5 | ma/m3
45. llodine 7553-56-2 0.1 0.1 0.5 5 ppm
46. |Maleic anhydride 108-31-6 0.2 0.2 2 20 ppm
47. |Mercury vapor 7439-97-6 | 0.025 0.1 2.05 4.1 ma/m3
48. |[Methane 74-82-8 1000 3000 5000 25000 | ppm
49. |[Methyl alcohol; (Methanol) 67-56-1 200 530 2100 7100 ppm
50. |[Methyl bromide; (Bromomethane) 74-83-9 1 20 50 200 ppm
51. [Methyl chloride 74-87-3 100 100 400 1000 ppm
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52. [Methyl iodide 74-88-4 5 25 50 125 ppm
53. |[Methyl isocyanate 624-83-9 0.02 0.025 0.067 0.2 ppm
54. |Methyl mercaptan 74-93-1 0.5 10 47 68 ppm
55. |[Methvl parathion 298-00-0 0.2 0.34 0.35 15 ma/m3
56. |[Methvl salicvlate 119-36-8 0.125 0.4 2.5 12.5 ppm
57. |[Methylene chloride 75-09-2 25 200 750 4000 ppm
58. [Naphtha (coal tar) 8030-30-6 100 100 500 1000 ppm
59. [Naphtha (petroleum), heavy catalvtic 64741-54-4 6 15 125 500 | ma/m3
60. [Nickel carbonyl 13463-39-3| 0.003 | 0.036 0.036 0.16 ppm
61. |Nitric acid WFNA; (White Fuming) 7697-37-2 0.53 0.53 24 92 ppm
62. |Nitric oxide 10102-43-9| 0.50 0.50 12.5 20 ppm
63. |Nitroaniline, p- 100-01-6 6 9 150 300 | ma/m3
64. [Nitrobenzene 98-95-3 1 3 20 200 pom
65. [Nitrogen 7727-37-9 | 60000 | 145000 | 280000 [500000| ppm
66. [Nitrogen dioxide 10102-44-0 | 0.50 0.50 12.5 20 ppm
67. [Nitroaen tetroxide 10544-72-6 3 5 5 20 pom
68. INitrogen trifluoride 7783-54-2 10 30 400 800 ppm
69. |Nitrogen trioxide: (Dinitrogen trioxide) 10544-73-7 25 50 100 500 pom
70. |Qil gas: (Qil foq) z-0035 450 1750 3000 4500 ppm
71. |Oleum; (fuming sulfuric acid) 8014-95-7 1 2 10 30 |ma/m3
72. |Oxalic acid. anhvdrous: (Ethanedioic acid) | 144-62-7 1 2 5 500 | ma/m3
73. |Oxvaen (liquid) 7782-44-7 | 35000 | 100000 | 280000 [500000| ppm
74.|0Ozone 10028-15-6 0.1 0.1 1 5 ppm
75. |Phenol 108-95-2 5 15 23 200 ppm
76. |Phosdene 75-44-5 0.10 0.10 0.30 0.75 ppm
77. |Phosphine 7803-51-2 0.3 1.0 2.0 3.6 ppm
78. |Phosphoric acid 7664-38-2 1 3 5 500 | ma/m3
79. |Phosphorous pentafluoride 7647-19-0 3 3 15 75 ppm
80. [Phosphorous trifluoride 7783-55-3 4 4 20 150 pom
81. [Phosphorus (red) 7723-14-0a 0.1 0.3 0.5 4 ma/m3
82. [Phosphorus (vellow) 7723-14-0b 0.1 0.3 3 5 ma/m3
83. |Phosphorus oxvchloride 10025-87-3 0.1 0.479 0.5 0.85 pom
84. |Phosphorus pentachloride 10026-13-8 1 2 4.25 70 ma/m3
85. |[Phosphorus pentasulfide 1314-80-3 1 3 5 250 | ma/m3
86. IPhosphorus pentoxide 1314-56-3 1 1 10 50 ma/m3
87. |Phosphorus trichloride 7719-12-2 0.5 0.62 2.0 5.6 ppom
88. [Phosphorus trioxide 1314-24-5 0.4 1.25 7.5 40 ma/m3
89. [Sodium hydroxide 1310-73-2 0.5 0.5 5 50 ma/m3
90. [Sodium hypochlorite 7681-52-9 25 75 500 500 | ma/m3
91. [Sodium nitrate 7631-99-4 0.4 1 7.5 100 | ma/m3
92. [Sodium nitrite 7632-00-0 0.04 0.125 1 60 ma/m3
93. [Sodium oxalate 62-76-0 10 30 50 50 ma/m3
94. |Sodium phosphate 7632-05-5 0.75 2.5 15 75 ma/m3
95. |Sodium salicvlate; (Salicvlic acid. sodium 54-21-7 40 100 500 500 | ma/m3
96. [Styrene 100-42-5 50 50 250 1000 ppm
97. [Succinic acid 110-15-6 7.5 25 200 500 | ma/m3
98. [Sucrose 57-50-1 15 30 50 500 | ma/m3
99. [Sulfamic acid 5329-14-6 12.5 40 250 500 | ma/m3
100.[Sulfanilamide 63-74-1 1 3 20 500 | ma/m3
101.|Sulfonic acids. petroleum: (Petrolatum acid| 61789-85-3 10 30 50 250 | ma/m3
102.[Sulfur 7704-34-9 | 0.125 0.4 2.5 12.5 | ma/m3
103./Sulfur dioxide 7446-09-5 0.20 0.20 0.75 27 ppm
104.[Sulfur monochloride 10025-67-9 1 1 1 5 pom
105.|Sulfur pentafluoride 5714-22-7 0.01 0.01 0.01 1 ppm
106.|Sulfur tetrafluoride 7783-60-0 0.1 0.1 2.08 2.08 ppm
107./Sulfur trioxide 7446-11-9 0.6 2 10 30 ma/m3
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109.|Sulfurous acid 7782-99-2 | 0.0125 | 0.04 0.3 1.5 ma/m3
110.[Sulfurvl chloride 7791-25-5 0.4 1.25 7.5 15 ppm
111.|Thionyl chloride 7719-09-7 0.2 0.2 2 10 ppm
112.[Toluene 108-88-3 200 200 510 2900 ppm
113.|Vinyl acetate 108-05-4 5 5 75 500 ppm
114.|Vinyl chloride 75-01-4 1 50 5000 20000 | ppm
115.Xvlenes. m- 108-38-3 100 150 200 900 ppm
116.Xvlene, o- 95-47-6 100 150 200 900 ppm
117.Xvlene. p- 106-42-3 100 150 200 900 ppm
118.Xylenes 1330-20-7 100 130 920 2500 ppm




